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DMcrfition 

TECHNICAL FIELD 

5 The present invention relates to novel human insulin analogues exhibiting a low ability to associate in solution, a 

method for the preparation of such Insulin analogues, Insulin preparations containing the human Insulin analogues of 
the invention and a method ot treating Diabetes Meilitus using these human insulin analogues. 

BACKGROUND Ai?r 

10 

Ever since the discovery of insulin in 1922 many different typos of Insulin preparations have been used tor the 
treatment o1 Diabetes meilitus. At the beginning exclusively insulin solutions exhibiting a rapidly commencing and 
relatively rapidly ceasing insulin activity were used, but later on insulin preparations exhibiting a wider profile of activity 
procured by lowering the solubility of Insulin by means of additions as e.g. rinc salt and^or protamines have been 
IS produced. For reasons of availability the insulin used herefor has normally been recovered from Pancreas from do- 
mestic an^nals, most frequently oxes, pigs and sheep, however, recently preparations containing human Insulin ot 
biotechnological origin have also appeared on the market. 

The structure of human insulin Is shown In the following formula 
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A-Chain 

fi s 

I 7 I 

H-Gly-Il«-Val-Clu-Gln-Cy«-Cy8-Thr-s«r-Ile-cy8-s«r- 
1 2 3 4 5 6 I 10 H 12 

8 
I 

B-Chain ^ 

I 

H-Pha-Val-Afln-Gln-Hia-Leu-Cys-Gly-sar-His-l^tt-Val 
12 3456789 10 11 12 



A-Chain (contd.) 

20 

lau-Tyr-Cln-Lau-Glu-AMi-Tyr-Cya-Aan-OH 
13 14 15 16 17 18 19 | 21 

I 

B-Chain (contd.) 8 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cya-Gly-61u-Arg-61y-Pha- 
13 14 15 16 17 18 19 20 21 22 23 24 



B-Chaln (contd.) 



Phe-Tyr-Thr-Pro-Lys-Thr-OH 
25 26 27 28 29 30 

"Ttw msulkw imm certain domesllc animate are very similar In structure to human Insulin. Thus dog and pig hsulln 
dlfler from human Insulin only by containing Ala In position 30 In the B-chah and rabbit insulin only by containing Ser 
In the same position. These insuirw may be converted into human insulin by replacement of the B30-amlno acid residue 
with Thr by semisynthetic procedures as described by Morlhara et al. Nature^ {1 979), 412^13 and Marcussen (US 
Patent No. 4,343,898). 
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When such an insulin is dissolved at physiological pH value a concerrtration^pendent aseociatian equilibnum » 
established between mooc«nerlc. dimeric. tetramerlc, hexameric and even polymeric Insulh. The equl1brluiiri<an e.9. 
be determined by ullracenlrtf u^tion. by osmometry or by gel filtration methods, vide e.g. R. VaUss Jr. and G.A. Ackare. 
•Methods in enzymology, vol. 61 (Enzyme Structure, pari H. eds.: Hirs & -nmashelf). Academic Press 1979. pages 

s 125-142. In normal lomiulations of insulh preparations this equilibration is shifted in such a way that the nsul.n to a 
veiv hlflh degree Is on a hexameric form. 

Substitutions in the Insulin molecule can be Introduced with the purpose of improving ihe profile of activity of the 
insulin m the treatment of Diabetes. Thus. Published International Application No. WO 86rt)5497 discloees that one or 
more substitutions of Qlu in the insulin molecule by a neutral amino acid residue causes a shlltlng of Ihe zone of 

to precipitation of the rsulin in such a way that a slow rsleasa after injection is obtained. 

Moreover. Published European Application No. EP 21 4 826 discloses insulin analogues being particularly rapidly 
absorbed affe'r injection. Jha effect is a result of the fact that by means of certain substitutions r particular in the 
B9-B12 region and in the B26-B2B posHions in Ihe insuln mdseuls a suppraseion of the association tendency of the 
insulin Is obtained so that It is essentially preeetrt as monomer or dimer. However, a number ol these insulin analogues 

IS exhibits a reduced biological activity. ^^^ts^ 

Throughout the years a large number of artificially prepared analogues of human Ifwulh has been described, 
usually with the purpose of elucidating the influence of the structure on the activity, vide e.g. Marke et H^b- 
Sevlar'8 Z Physk)! Chem. 380 (1979), 1819-1632. Investigatkxis of ihe Influence of substttutkans in the (B22-B28)- 
sequence of the Insulin on the receptor binding have been ol particular Interest, as saU sequence Is considered to be 

20 an essential sHe of binding for Ihe insunn receptor, and as naturally occurring mulatkxw have been toundwjm substi- 
tuttons in sakJ site. VWe e.g. S. Shoelson et al. PNA5 80 (1983). 7390-7394and M. Kob^jashlet al.: Res. 5 
(3) (1984) 267-272 Very low btotogkjal activities were found for anatoguee in which Phe (B24) or Pne (B85) are 
substituted, and therefore it was concluded that the presence of these two amho acUs Is of decisive Importance to 
the receptor binding. .... , , 

2S The present imrention is based on the surprishg recognition that certain human insulin anatogues in which one of 
the amino acid residues lPhe««*] or (PheB^J Is not present exhWt a kiw assoclatton tendency In soJutton and at the 
same time exhibits an unchanged or even higher in vitro fa»k>gical activity than human heulin. The deteton of either 
[Phe«4] or [PheBZfi] will have the effect that [LysBzej ^ transferred Into (LysBasj. The position of a posHlve charge In 
this position in the human rsulin molecule is considered to be the important aspect of the present inventioa 



so 



SUMMARY OF THE INVENTION 



In its broadest aspect the present Inventton Is therefore related to human insulin analogues In man there is a 
positively charged amino acid resWue. i.e. Lys or Arg in the poeitkxi B2B. I.e. in positkxi 8 ki the BHshain eaksutated 
35 from [QlyBsoi. 

The present insulin anatogues have surprisingly a tow associatton tendency and at the same Ine an rcreassd 
physkal stability compared to other insuir anatogues with low association tendency. Introduclton of a positive charge 
In position B28 may be accomplished In two ways. Either by deleting one of the amino acW resWuee h position ^4, 
B25 B26 B27 or B28 in the human insulin molecule leading Id a human insuir anatogue ¥Hth a lys in position B28 
40 or by substituting IPioBzbj in the human insulin rtwlecule with a Lys or Arg. If an Arg Is preferred In posltton BM *» 
dslstton of one of the amro acid reskJues in posltton B24. Bffi, B26. B27 or B28 nwy furthermore be combined with 
asubstltuttonoftheoi1glnal[LysK8]viflthanArgreskJue. , , h 

The present human hsulh anak)gues may furthenrore contain one or more modiflcattons h the C-terminal end 
of the B<hain cortpared to human insulin. Thus, ths amino acto resklues r positton B25 to B27 and the amro acid 
« resldue(s) IWtowIng the [LysPMlor or [ArflPM]may be art>ltrartly chosen among the naturally occurring amino acW res- 
klues with ihe proviso that there is no Pro rpo6itionB29 or 829 or B30 or both may be lacking. 

According to one aspect of the present Invention nyr««l may be substituted by another uncharged amino acM 
residue wherein the second cartjon atom in the skle chah (0») is spa-hybridized (the bonds having a planar strurtura). 

Also with the purpose of stabilizing the molecule against ohamtoal dagradatton, Asn in position A21 andfer B3 may 
so furthennore be replaced by another amino acWreskJue. 

The prseent human insulin anatogues can be characterized by the foltawing formula I 
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A-Cbaln 

S g 

I ' 
H-Gly-Ile-Val-Glu-cm-Cya-Cya-Thr-ser-Ile-cys-Ser- 

8 

I 

B'Chain ^ 

I 

" H-Phe-Val-Y2-61n-Hi8-Lett-Cy8-61y-Ser-His-Leu-Val 



20 

(I) 



30 



A-Chaln (contd.) 

LBU-Tyr-Gln-Leu-Glu-Asn-Tyr-cys-Yi-OH 



I 

B-Chaln (contd.) S 

I 

« Glu-Ala-Leu-Tyr-liWi-Val-Cya-Gly-Glu-ArgHSly-Phe- 



45 



SO 



ss 



B-Chaln (contd.) 
X1-X2-X3-X4-X5-X6 



^ • V V Y V nnriV mav ha anv naturally ««urringamhoacrfd residue. X»i«l-y»wAfg.^'«"'*^<'f" 

occurring amirw acid residue except Asn. . ... .^.^ * ^.t.«. 

in the above formula IX, may more epecificalV be Phe, Ala. His. Thr. Ser. Asn or Tyr. 
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Xg may more specifically be Tyr. Thr, Glu. Asp. Ala. His. Ssror Phe. 
Xa may more specifically be Pro. Glu. Asp. Ser. Thr or His. 
5 X5 may more specifically be Lys. Thr. Ser, Ala, Asp or Glu, 

Xe may more specifically be Thr<5K Ser-OH. Ala-OH. Asp^DH. Glu-OH or OH, 

Yi may be Asn. Glu. Asp. His. Ser. Thr. V&l. Leu. lie. Ala. Mel. Trp. TVr. Gin or Gly. more preferably Qly. Asp. Glu 
10 or Ala, and 

Y, may be Asn. Glu. Asp. His. Ser. Thr. V&l, Lflu, lie. Ala. Met. Trp. Tyr, Gin or Gly, more preferably Glu or Asp. 



one group of ihe present human insulin ar«logues can be characterized as such h v*lch one ol the amh^o edd 
residue in p«ition B24 or B25 has been deleted, that the amino acid residue in poeHion B26, optionally « substrtuted 
STSi u^TflSamlno acid residue In which the cartxx, atom m the rposttton Is s^hybrtdlzed that 
oXeVrSe of the amino acid residues in positions A21 , B3 and B30 difler f mm the am.no acri resdue ,n the cone- 
aoondlna ooeltlons In human Insulin, and that, optlonally. no amino acid residue Is present In potsiiionBX. 
'^SS^ml'reslmp.edeflnttionsuchanalogue.arehumankisulln^^^^ 

in wSpheB»] has optionally been substituted by another uncharged amino acri residue n wh«h tl^e ^rbon ^om 
! ?e «08l?lon 8 spSybrW^ed, in which one or more ol the amino add residues In positions A21B3 and B30 
S,SKrfrtJ^eLnoac« residues in human insulin^ 

'"''aX^'of unchaigedaminoacid residues inwhicha,is8p2+ybridizedareTw Phe. His. T^) and Asn^ 

It is pc»8ible to Wroduce further substitutions or derivatizations in Ihs human insulin anatogues mertcne^ above 
If the properteedo not Change substantially. Such further derlvatizatlonscould be esterlficationoramidatlon of cart)c«yl 
5r^%X J^or all^Zo of amin«> or ^ 

SuSIs may be ^change of rrhr«l with His or ol [HIsBio] with Asp Moreover. Ills f)ossible to add a delete a 

sinale or a few amino acid residues at the C- and/or the N-terminal of preferably the B<hain. 

30 O,^ jLp of the human Insulin analogues according to the invention will have the structure shown In tonmita M 
below;whereXmean9Tyr.Hl8.F^eorAsn.YmeansTTir.Ser.Ala.A8porGluoradel«lonand^^^^ 
or SS^Tfte underaoorid A« have been changed to Asp by «ib^^ 
the A-chdn may be Qly. 



IB 
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A-Chaln 

S- S 

I i 
H-Gly-Il©-Val-Glu*Gln-Cys*Cys-^r*Ser-He'-Cya-Ser* 

I 

I 

B-Chaln S 
H-Ph0-Val-Mn*6ln-Bl8«*Leu-^8H;iy*Sor-RiB-Leu-Val 



20 

(II) 

25 



30 



40 



A-Chain (contd.) 

Leu-Tyr-Gln-Lau-Glu-Aan-Tyr^-Cys-ABn'^OH 

I 



I 

B-Chaln (contd.) S 

I 

Glu-Ala-Lau-Tyr-Lau-Val-Cya-Gly-Olu-Arg-Gly-Pha- 



B-chain (contd.) 



X-Thr-Pro-Lys-Y-OH 



Preferred human insulin anaioguas according to the invention are the following: 

ss d08lPhe^]-human Insulin 
dasnyrfi26]4,yman insuin 
deelThr^^l-hunian Inautin 
des[ProB28]^uman insulin 
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des[Ph8B26]^rcine insulin 

des(Pro^2fi]-porcine Insulin 

dfls{ProB28j.fabbit insulh 

des(Phe^].de8[TtirB30]-hunfian Insulin 
5 des(Tyr^,cles[ThrB30]-hunrian insulin 

[SerA2i]-d68[ProB2B].hunnan insulin 

[Gty^']-des(Pfo^}-human Insullri 

[GlyA2i]-des[PhsB26]4,urnan insulin 

[Asp^]-cies(Ph8^]-human Insulin 
10 [IHisB2S]-cles[TyrB2e],cl8s(ThrB30]-hunfian insulin 

[/VsnB25]-<tesn^yrB»],cte8(ThrB30]-human insulin 

[AspA2i]Kias{PheB26j des[Thr«30]-human insulin 

[AspB2e]-cies(PhoB2S]^uman insulin 

[Asp^-de8[Phe^]-hunrian Insulin 
IS [Lys^^ej-human insul'r 

[LysB28,7tire29]-hunnan Insulin 

[Aj-gB28].<jes[LysB^-human insulin 

The human Insulin analogues according to the present Invention may advantageously be used in the treatment of 
20 Debetas as the decreased ability to aseociation leads to a faster uptake n the bloodstream than an ordinafy insulin 
not only after the normally used subcutaneous Injection but also by non-parenteral use, vWe e.g. Published imematlonaJ 
Application No. WO87/081 37. Ateo Iheir improved physical stability will make them more advantagous in the Diabetea 
treatment. 

The roulr anaksgues according to the present invontbn may be prepared by altering the proinsulin gene through 
replacement of oodon(8) at the appropriate site in the native hunnan proinsulin gene by codon(s) encoding the desired 
amino acid reskJue sub8tllute(s) ancVor by deleting the codon(8) con-espondlng to the desired deletk>n(s). Alternatively, 
the whole DNA^aquence encoding the desired insulin analogue may be synthesized. The gene encoding the desired 
Insulin anatogue Is then Inserted Into a suitable expression vector whteh when transferred to a suitable host organism, 
e.g. E Mji, Bacillus or yeast, generates the desired product The expressed product is then isolated from the cells or 

30 the culture broth depending on whether the expressed product Is secreted from the cells or not 

The novel Insulin anatogues may also be prepared by chemical synthesis by methods anak>gue to the method 
described by Marki etal. (Hoppe-Seylsr's Z. Physk)!. Chem., 360 (1 979), 1619-1632). They may also be loimed from 
separately In vitro prepared A- and B-chalns containing the appropriate amino acid resWue substitutlone and deletkxw. 
whereupon the modified A- and B^hains are linked together by establishing disulphide brkjges aocording to known 

36 methods (e,g. Chance et al., In: Rtek DH, Gross E (eds) PepikJes: Synthesis - Structure - Function. Proceedings of 
the seventh American peptide synnposium. Illinois, pp. 721-728). 

The insulin analogues may furthenmore be prepared by a method analogue to the method described in EP patent 
applk»tion Ho. 0163529A, the disclosure of whk:h is incorporated by reference hereinto. By such method an Insulin 
precursor of the human insulin anatogue wherein the basks amino acM in positton B2B or B29 (If the final product shall 

40 have a basic amino acW in this posltkn) Is connected to Qly*i by means of either a peptide bond or a peptMe chain 
of varying length is expressed and secreted by yeast with correctly posittoned disulphde bridges and is then converted 
Into the desired human insulin analogue by the Mortiara method (Morihara sygra) or the so-called transpeptUatlon 
reactky} (see US patent No. 4.343,898). 

Accordingly the present insulin analogues may be prepared by inserting a DNA-sequence encoding a precursor 

4s of the Insulh anatogue in questton Into a suitable yeast expression veh tole which when transferred to yeast Is capable 
of expressrg and secreting the precursor of the insulin anak^gue in whtoh [Lys^aB], [ArgBas], [Lys^M] or [ArgP"] ie 
connected to Qly^^ by a peptide bond or a peptide chain with the formula 111 

Wherein R Is a peptUe chain wtth n amino acW residues, n Is an Integer from 0 to 33 and Ri Is Lys or Arg when culluring 
the transformed yeast strain in a suitable nutrient medium. The precursor is then recovered from the culture broth and 
reacted with an amino compound with the formula IV 

55 
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wherein Q is a single amino acid residue, preferably Thr. or a dipsptide. and R" Is a carboxy protecting flfouP 
methyl or tert-butyl), ushg tiypsln or trypsln-llke enzyme as a catalyst In a mWure of water and organic solvertts 
alak»ously as dwcribed in USpatent specification No. 4,343.898 (the disclosure o( which is ncorporated by ref eret^ 
hereimo) Jiereupon the earboxy protecting group is removed end the insulin analogue Is Isolated Itom the reaction 

""^llThe insulin analogues contain an amho acid residue different from Lys or Arg as the O-lermlnal residue In me 
8<hain they may alsobe prepared by a method analogue tothe method described In Published Eurcyean Application 
No EP 195 691 the disclosure of which is hcorporated by reference herainto. By this method insulin anaksguo pre- 
cuiBors of the type having a bridge between the A- and B<hain consisting o1 a single pair of basic amlrw add (4f8. 
Aral ara mada In yeast and than converted into the hsulin analogue by an enzymatic conversion. 

If the C-tennlnai amho acid residue iri the B-chah is Lys or Arg. then the Insulin analogues can be prepared from 
the above biosyntetic precursors by enzymatic cieawage with trypsin. ^ ^ . 

Human insulin analogues of the invention in which substibJtlonsara only present within the lasi aminoaeid resKluM 
nearest tothe C-terminal of the B<hain may moreover be prepared In a manner "^"^^^^ 
« as described in K. Inoye et ai.; JAC8 Jfll (3). (1979). 751-752. whereby the porcine «P'* ^ 

^^3-30)-human N»ulin. whereupon the latter, alsoenzymatlcaily. is coupled with a synthetic peptide having the 

'*'"'^^e7^m i?s!!3 "mS^gues may be used tor the preparation of novel Insulin preparations virtth |r«ulln activity 
10 be sutotftuled tor human or porche insulin In the Insulin preparations heretofore known tothe art. Such '«>^^«^ 
preparations contain the hsul», analogues accorting to the present invention or « P'^^^^^^TSI^S 
ther^ h aqueoussolutlon or suspension, preferabyat neutral pH. "me aqueous medium Is made teotonlc. tor eiampte 
with sodium chtoride. sodium acetate or glycerol. Furthem«re, the aqueous medium may contain zinc 'ws. buflei. 
such as acetate and citrate and presenratlves such as irxrosol, methylparaben or phenol "me pH value of the prep- 
aratkxi is adjusted to the desired value and the insulin prepaiatkjn is made sterile by stsnle AKrat""- . 

The present insulin analogues may also be mixed with other insuNn analogues havrg a protracted rouln activity 
to prepare insulin preparattons consisting of a mixture of rapW acting and protracted insulin. 

The insulin preparations of this inventwn can be used similarly to the use of the known insulin preparations. 
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TERMINOLOGY 



The abbrevlattons used torihe amino acids are those stated In J. Hol. Chem. 243 (1968). 3558. Iho amino acids 
are in the L conflguratkxi. Unlesa othenmse indkatsd, the species of insiJns stated harem » human. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further iUustrated with reference to the accompanying drawings in whfch 



Fig. 1 shows the expression plasmW pYGABA 14276, 

Fig. 2 shows the yeast vector pAB24. ^ 
40 Fig. 3 shows the DNA sequence of the 0.4 kbEcoRI-Xbalfiagment from 1heplasmkJpKFN«4. and 

Fig. 4 shows the preparatkxi of the aatpression piasmW pKFN-866. 
pFTAII FD DESCRIPTION 

4S ONA-sequences encoding modBed insulin precursore were constnjcied with basis In the expresston cassette, 
which is contained in the BamHI reetrtotkan fragnsnt from the exprasann piasmkl pYGABA as shown in Figure 1 , has 
a lenohl of 1103 basepaire and contains essentially the fdtowing (listed in succession starting from the 5 -end): vm 
GAPDH promoter gravis st al.. J. Btol. Chem.. 260 (1985), 4384-4389) foltowed by the coding regkxi consistng of: 
The 83 N-tarminal amino ackte of the MF al -leader sequence encoded by the wikl-lype yeast DNA^«l"f^f^ 

50 described by Kurian & Herekowitz fbltowed by the two codons AAA and AGA encoding Lys and Arg and again foltowed 
by the coding reg«n for the insuUn preeuraor single chain dee [Thi«oi- human insulin (SCI), which « a syn^fiot^a'^; 
constructed gene uskig preferred yeast codons. After two stojxodons. a SaU restrfctkxt site Is posittonsd. and the rest 
of the ssqusnce constitutes the M^a^ -sequence containing the temiinator regton. The saquenea is eonstnjctwl using 

entirely standard technkiues. ^^^^ ■,^.-,ic«.ii*, rtkiA 

SS The method emptoyed was •ollgonucieotkJe site directed mutagenesis', which is described by Zoller&SmWi. DNA. 
Vbl 3 No 6 (1984) 479-488. The method is briefly described in the foltowing. and is described thoroug^ify in Example 
1 Thelnsuln precureor sequence Is Isolated from the expresston piasmW and Inserted into a single-stranded genom. 
drcu lar Ml 3 baotornphaga vector. A chemfcaPy aynthesizad complementary DNA-strand is then annealed to the sn- 
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gle-atranded genom. The DNA-strand contains the desired sequence surrounded by sequences completely homolo- 
gous to Insulin sequerx^s on the circuriar DN A The prfrner Is then extended Jnyttro Into the entire length oT the circular 
genom biochemically using Kianow polymerase. This strand will give rise to single-stranded phages, which when grown 
in E give the posstolllty of isolating double^tranded DNA with the desired sequence. From this doublMtranded 
5 DfJA. a restriction fragment can be isolated and reinserted into the expression vector. 



MQPgS FOR CAflimNG OUT THE I NVENTION 

The Invention is turther illustrated by the following Examples. 

10 

EXAMPLE I 

Constmction of an expression piasmid. which can be used to express des[PheB26]-SCI. 

The expression cassette, which is contained in the expression plasmkJ pYQABA (shown in Figure 1) on a BamHI 
IS restriction fragment, was isolated: The expression piasmid was incubated with the restriction endonucleasa BamHI, 
The conditions were* 20 ^ of piasmid. 50 units of BamHI. 100 mM NaCI, 50 mM TrIs-HCl. pH 7.5. 10 mM MgClg. and 
1 mM DTTinavolumeof 100 ^litrBS. Thetemperature was 37*Candthe reaction 1irne2h^^^ 
were separated on a 1% agarose gel. and the desired fragment was isolated. 



20 Lioattontothfl Ml 3 vector Ml3mDl8: 

The isolated restriction fragment was iigated to the bacteriophage vector M13mp18 also cut with the restriction 
endonucloaso BamHI in the following reaction mixture: Fragment 0.2 vector 0.02 60 mM Tris-HCI, pH 7.4. 10 
mM MgcU. 1 0 mM DTT and 1 mM ATP in a volume ol 20 Mlitras. 5 jditras of this mixture were transformed into the E. 
25 coli strain JM1 01. The presence of fragment in the vector and the orientation of the fragment was determined by 
restriction enzyme mapping on double^randed M13-DNA Isolated from the transfonrants. 

Isolation of shale-stranded (ea\ DNA ftemolatel: 

30 From the iransfbnnant described above sa-DNA was Isolated according to a method descrtoed by Messing in 
Qene. 19(1982), 269-276. 

fi'phoaohQn/lation of the mutftoeniaatlon Primer 

3B The muiagenlsation primer with the sequence 5'-TTQGAQTQTAQAAACCTCTT-3' was phosphorytated In the 5*- 
end in a 30 jilitres reaction mixture containing 70 mM Tris-HCI. pH 7.0. 10 mM MgClg, 5 mM DTT. 1 mM ATP. 100 pmol 
oligonucleotide and 3.6 units of T4 polynucleotide kinass. The reaction was carried out for 30 min. at 37»C. Than, the 
enzyme wae inactivated by Incubating the mbaure lor 1 0 mm. at 65*C. 

40 Annealing of template and ohosohonrtate d mutaQenlsation Primer 

Annealing of template and prkner was carried out m a 10 jilllres volume containing 0.5 pmol template. 5 pmol 
primer. 20 mM Tris-HCI, pH 7.5, 10 mM MgCfz* 50 mM NaCI and 1 mM DTT by heating for 10 min. at 65-C and cooling 
afterwards to O'^C. 

45 

Extansion/liaation reaction: 

To the reaction mixture above, 10 jilitres of the followrig mixture were added: 0.3 mM dATP. 0.3 mM dCTP, 0.3 
mM dGTP, 0.3 mM dTTP 1 mM ATP, 20 mM Tris41CI. pH 7.5, 10 mM MgClg, 10 mM DTT. 3 units of T4 DNA ligase 
so and 2.5 units of Klenow polymerase. Then, the reaction was carried out ftor 16 hours at 18»C. 



matlonofJmlOl: 



The reaction mbciure above was transfomtod In different dilutions Into CaCla-treated E. coll JM101 cells using 
standard techniques and plated In 2 x YT topagar on 2 x YT agar plates. (2 x YT = tiyptone 1 6 giltre. yeast extract 10 
g/litre, NaCI 5 grtitre. 2 x YT topagar = 2 x YT with 0.4% agarose added and autoclavsd. 2 x YT agar plates = 2 x YT 
with 2% agar added and autoclaved). The plates were Incubated at 37*C overnight. 
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jdanlificalion of Doslliva clones: 

The method used was plaque-lift hybridisation which is descrbed in the followbig: a nitrocellulose-filter was placed 
on a plate with a suitable plaque-density, so that the fitter was wetted. The filter was then bathed in the following 
5 solutions- 1.5 M IsJaCI. 0.5 M NaOH for 30 sec.. 1.5 M NaCI. 0.5 M Tris-HCI, pH 8.0 for 1 min.. 2 x SSC (0.3 M NaCI. 
0.03 M sodium citrate) till later use. The filter was dried on 3fWIM filter paper and baked lor 2 hours at 80pc In a vacuum 
oven. 

The mutagenisation primer with the sequence 5TTGGAGTGTAGAAACCTCTT-3' was labelled radioactively in the 
5' end in a 30 nJitres volume containing 70 mM Tris-HCI, pH 7.5. 10 mM MgClg. 5 mM DTT, 10 pmol oIlQonucleotlde, 
w 20 pmol Y-^^P-ATP and 3.5 units of T4 polynucleotide kinase. The mixture was incubated at 37*C for min. and then 

tor 6 min. at 100*C. ,^ . ^ ^ ^. ^ 

The dried filter was prehybridlsed for 2 hours at 65«C in 6 x SSC, 0.2% bovine-semm albumin, 0.2% Ficoll, 0.2% 
polyvinylpyrrolidon. 0.2% sodium-dodecyl-sulphate (SDS) and 50^ig/ml salmon-spefm DNA. Then, the reactton mbdure 
containing the label ledprobewa8addedto15mlc^1resh prehybridlsatkxi mix, and the fi Iter was bathed herein cvemlg^it 
IS at 28<»C with gentle shaking. After hybridisatkjn the filter was washed 3 times for each 15 min. in 2 x SSC + 0.1% SDS 
and autoradtographed. After wash In the same solutton, but now at 52°C, and another autoradtagraphy, plaques con- 
taining DNA^quences complementary to the mutagenisation primer were identified. 
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Re-screening of positive clonea ' 

Because the Wentlfled clone le a result of a heteroduplex. the plaque was plated again. The hybridlsatkan and 
kientification were repeated. 

Purification of double-stranded Ml3-phaqe DNA : 

A re-screened ctone was used for imectkxi of the E, coli strain JM101. A culture containing approximately 10^ 
phages and 5 colonies of JM101 was grown lor 5 hours in a 5 ml 2 x VT medium at 37»C, Then, doubla-«tranded. 
circular DNA was purified from the pellet according to a method deecribed by BImbolm & Doh^ Nucleic Ackte Res.. 2 
(1979), 1513. 

Isolailon o1 a restrictton Iraoment containing modified Ins ulin precursor 

The DN A-preparation (appr 5 ^g) isolated above was digested with 1 0 units of the restriction enctonuclease BamHI 
in 60 Miitres of 100 mM NaCl, 60 mM Tris-HCI, pH 7.6, 10 mM MgClg. and 1 mM DTT tor 2 hours at STC. The DNA- 
3B products were separated on an agaroee-gel, and the Iragment was purified from the gel. 

Uaatkyi to the veast vector pAB24 (Figure 2) : 

The isolated restriction f ra^ent was ligated to the yeast vector pAB24 digested with the iBStrlctkxi endonuclease 
40 BamHI in the toltowlng reactkxi mixture: Fragment 0.2 iig. vector 0.02 60 mM Tris-HCI, pH 7.4. 10 mM MgClg, 10 
mM DTT, 1 mM ATP in a total volume of 20 jJltres. 5 pJrtree of this reactwn ma was used for transformation of the E. 
coll strain MCI 061 , In which the modified expression ptasmM was kSenttfled and propagated. The plasm W was kJentteal 
to pYQABA. mtcepi for the deleted codon. 

45 Transtormatlon of veast: 

Transformatkjn of the expression plasmW Into the yeast strain Saccharomyces cerevlslae JC482ApepALeu2cli* 
(a. his4, pep4. ura3, teu2. cir*) was carried out as described by Ito et al., J. Bad., Vol. 163, No. 1, (1983), 163-168. 
The transformed cells were plated on SC-uramedium (0.7% Yeast Nitrogen Bass, 2.0% glucose, 0.5% casamino ackis, 
so 2.0% agar) for selectton lor plasmM-contBlning cells. 

EXAMPLE 11 

Constructton of an expresekDn plaemki, whteh can be used fbr productton of desrrvr82«]-sci. 
6s The procedure used was essentiaily the same ae described in example I, except that the mutagenlsatkxi primer 
had the sequence 5*-ACCCTTTGGAGTGAAGAAACCTCT-3', that the hybridlzatkxi temperature was 36»C, and that 
the washing temperature after hybrtdlzatbn was SO'C. The modified plasmW has a sequence Wemteal to pYGABA. 
except for the deleted codon. 
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EXAMPLE III 



Conslructlon o1 an expression plasmid. v»hich can be used for production of [Hi8B2S].desrryr«»]-SCI. 

The orocedure used was essentially the same as described in exa/nplo I , except that the mutagenisatlon prhner 
had the eaquance 5"-AATACCCrrTGGAGTGTGGAAACCTCTTTCACC3". that the hybridization temperature vj^ 
43'C. and that the washing temperature atter hybridization ms ee-C. The modlfled plasmid has a sequence iderTtlcal 
to pYQABA. except lor the modifled and deleted codons. 



EXAMPLE IV 



Construction of an expression plasmid. which can be used for production of [A8nB26],de8nVrB»]-SCI. 

The procedure used was essentially the same as deecribed h example I. except that the mulagenisaton prmer 
had the sequence 5'-AATACCCTTTGGA6TGrrQAAACCTCTTTCACCar. that the hybridization temperature w^ 
42»C, and that the washing tetrperature after hybridization was e^C. The modified plasmid has a sequence identical 
rs to pYGABA. except for the modified and deleted codons. 



EXAMPLE V 



Expression of precursor and isolation from the culture medium. 

20 YMSt transformed as described in examples I to IV. was propagated on Petri^)late8 containing minimal-medium 
without uiicii tor 48 hours at SO-C. 100 ml shake bottles containing minimal-medium without uracil + 5 gflitre casarnino 
acids + 10 gflitre succinic acid + 30 gflitre glucose at pH 5.0 were inoculated with a single colony from the Petn-plale. 
The bottles were then shaken at 30«C in Incubator tor 72 hours. ^ ^. u* = 

Altar centrifugation 1 litre of pooled supematant was sterilized by fillialion and adjusted to pH 4 - 4.5 and a ojn- 
2S ductivity < 10 mS by addition of 5 M HCI and water. With a flow of 120 miftiour the supamalant was then applj«J to a 
1 8x6cm column of S/Sepharoefl^ previously equiUbratedwithSOmMacetlcackJ. 50%(by volume) elhanol adjusted 
to pH 4 0 with NaOH. The column was washed wKh 60 ml buffer and ih. precursor wasthan ekjted by a linear gradierrt 
of Nac'l from 0 to 0.35 M in 360 ml buffer with a ftow of 10 mVhour. TTie eluate was divided In fracttons of 4 ml arid 
detected for UV-absoibanca. FraotionB containing precursor ware Identified by RP-HPLC analysis and were pooled. 
» Afterdesaningonacoiumnof Sephade)<^25in i M acetic ackJ the preeunwr was ieolated by lyophlllzatlon. 



EXAMPLE VI 



Preparation Of desPheBafil.destThrMOVhuman iwulin. ^^^j^^,^ 
3S 400 mg of de8(PheM6]-SCI. prepared by the methods described In examples I and V. were dissolved h 40 irj ct 
50 mM tri8-(hydiQxymethyl)aminomethane. 20% (by volume) ethand adjusted to pH 9 with HCf and 40 ml (settled 
volume) of Sephaios^ containing 32 mg of immobilized tiypein in the same buffer were added. The suspension was 
left for 24 hours at 8-10'C with gentle agltatkxi and was then fllteied. The gel was washed with 40 miof buffer, and 
the pooled filtratas were applied to a 2.6 x 7.5cm column of Q-Sepharo6e»FF previously aquilbrated with 50 mM tns- 
40 (hydroxymethyl)aminomethane. 60% (t>y volume) etharwi. adjusted to pH 80*^ "^^J- !f!2 
wHh a linear gradient of NaCI from 0 to 0.15 M in the same buffer over 6 hours with a flow of 225 mWwur. Tlie eluate 
was detected for u V-absortjance and fracttons coniaWng the main protein peek were pooled. The pfoteh was precip- 
itated at pH 5.4 after removal of the ethanol jn vacuo. 

250 mg of destPheWSldeslThrBaoi-human rsulh were isolated by lyophilizalwn. 
48 The Identity of the product was conflmfied by amino add analysis, by plasma desorptton mass spectrometry and 
by aequental Ednan degradation of the separated vinylpyrldylated A-and &<jhainB. 

EXAMPLE VII 

50 Preparation of des[PheB2S)-human insulin. 

200 mg of dee[Phe^.desrnirO30l.human insuUn prepared by the methods descnbed n example VI were dis- 
solved In a mixture cortaWng 400 mg of threonine methyl ester. 2.0 ml of ethanol and 0.8 ml of water. The pH value 
was adjusted to 6.3 with acetic ackl and 4 ml (settled volume) of Sapharos^ containing 3.2 mg of immobilized trypsin 
were added Atter standing tor 2 hours at 20-0 wtth gertle agllBUon. the gel was removed by nitration, and the protein 

BS was precipitated by addltton of 1 0 volumes of 2-propanol. THe air-dried precipitate was redissolved In 20 mMWte 
(hydraxymethyl)aminome1hane/HCI. 60% (by volume) ethanol. pH 8.25, and applied to a 2,6 x 20 cm Q.eephato«i«FF 
column, prevtously equttlbrated with the seM buffer, and eluted with a linear NaCI-gradient In the same buffer Increasing 
fromOto0 1 Mover 15houi8ataflowrateof iZSmWiour. The elhanol was removed jQfflae from the pooled fractions 
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containing des [PheB2B].human insulin^BSO-methyl ester), and the protein was precipitated at pH 6.1 . The ^"sPfnsJon 
was centrlfugated and the precipitate was lyophllized. TTi© methyl ester was then hydrolyzedlor 10 min. In cold 0.1 M 
NaOH at a protein concentration o1 1 0 mgfrnl. The reaction was stopped by adjusting tt^^ 

of 20 mM iris(hydra)cymethyt).amlnomethane/HCI, pH 8.5. were added. The solution was then applied to a 2.8 x 20 
cm Q-Sepharosrf«>FF column and eluted as described above. The protein was precipitated at pH 5.5 after removal of 
the ethanoljn vacuo. 

80 mg of des[PheB26]-human insulin were obtained alter lyophlllzatlon. 

The identity of the product was confirmed by amino acid analysis, by plasma desorption mass spectiometry and 
by sequential Edman degradation of the separated vlnylpyrldylaied A-«nd B^hains. 

EXAMPLE VIII 

Preparation of des [Tyr82«].des[ThfB30|-human Insulin. 

250 mo of desnvr«»].sci, prepared by the methods described In the examples II and V. were dissolved In 25 ml 
of 50 mM tri8(hydroxymethyDaminomethane, 20% (by volume) ethanol adjusted to pH 9 with HCI and 25 ml (settled 
volume) of Sepharos^ containing 20 mg of Immobilized trypsin In the same buffer were added. The ausperaton was 
left for 24 hours at 8-10»C with gentle agitation and was then filtered. The gel was washed with 25 ml of buffer and 
the pooled filtrates were applied to a 2,6 x 7.6 cm column of Q-Sepharose^^F previously equllbrated with 50 mM tris- 
(hydWnethyl)amlnomethane. 50% (by volume) ethanol. adjusted to pH 8.0 with HCI. The columii was then eluted 
wrth a linear gradient of NaCI from 0 to 0.1 5 M in the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected for U V-absorbance and tractions containing the main protein peak were pooled. The proleh was precip- 
itated at pH 5.4 after removal of the ethanol in vacuo. 

130 mg of desfryrBzsj.desrrhr^-human insulin were Isolated by lyophlllzatlon. 

The identity of the product was confirmed by amino acid analysis and by sequential Edman degradation of the 
2S separated vinylpyridylated A- and B-chains. 

EXAMPLE IX 

Preparation of [HisB2S].desrryrBaidesrrhrB30]-human Insulin. 
so 450 mg of [Hi8B26],des[TyrB26].scl. prepared by the methods described m the examples III and V. were dissolved 
In 45 ml of 50 mM tris-(hydroxymethyl)amlnomethane. 20% (by volume) ethanol adjusted to pH 9 with HCI and 45 ml 
(settled volume) of Sepharose^containing 36 mg of irnmobilized trypsin in the sanrie bu^^^ 

was left for 24 hours at 8-10'C with gentle agitation and was then filtered. The gel was washed with 40 ml of buffer, 
and the pooled fiitrates were applied to a 2.6x7.5 cm column of OSepharos^F previously equilibrated with 50 mM 

35 trls(hydroxymethyl)aminomethane, 50% (by volume) ethanol. adjustedto pH 8.0 with HCI, The column was then eluted 
with a linear gradient of NaCI from 0 to 0.1 5 M in the same buffer over 6 houre wHh a flow of 225 ml/hour. The eluate 
was detected for U V-absortjance and fractions contaring the main protein peak were pooled. The proler was precip- 
itated at pH 5.4 after removal of the ethanol jn vacuo. 

200 mg of [HIsB^ej.desnVf^.daalThr^^'l-human insulin were isolated by lyophilization. 

40 The Identity of the product was confirmed by amino acid analysis and by sequential Edman degradation of the 
separated vinylpyridylated A- and B^haine. 

EXAMPLE X 

4S Preparation of [Asna»].des[TVr8»].de8 rmr«»l-human Insulin, 

150mgof [AsnB«l des{Ty|6»]^CI, prepared by the methods descrlaed in the examples IV and V were dissolved 
in 15 ml of 50 miy/l trie- (hydraxymethyl)aminomethane. 20% (by volume) ethanol adjusted to pH 9 with HCI and 15 ml 
(settled volume)ofSepharose«containing12mg of immobilizedtrypsr in thesame buffer 

was left for 24 hours at B-10»C with gentle agitation and was then filtered. The gel was washed with 40 ml of buffer, 
60 and the pooled filtrates were applied to a 1 .6 x 10 cm column erf Q-Sepharos^F previously equilibrated with 50 mM 
trls(hydroxymethyl)aminomethane, 50% (by volume) ethanol. adjustedto pH 8.0 with HCI. Thecolumn was then eluted 
with a linear gradient of NaCI from 0 to 0.1 5 m the same buffer over 8 hours with a flow of 90 mimours. The eluate was 
detected for UV-absorbance and fractions containing the main protein peak were pooled. The protein was precipitated 
at pH 5.4 after removal of the ethanol jn vacuo. 
56 80 mg of [ABnB2S][Tyra2S],de8rrhrW0]-human insulin were Isolated by lyophlllzatlon. 

The idontHy of the product was confirmed by amino acid analysts and by sequential Ednan degradation of the 
separated vinylpyridylated A- and B-chalns. 
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EXAMPLE XI 

Preparation of [A8pA2i].d98pheB26],d88[Thr»30l-human insulin. 

50 mgof de8(Ph8B26].des[Thr«»]^uman Insulin prepared by the methods described in example VI were dissolved 
5 in 10 ml water by adjusting the pH value to 2 with 1 M HCI. The solution was then left lor 16 days at 30PC. After cooling 
(to20*C)76gofureawere added arxlthepHvalue was adjusted to8.1 wlth1 MNaOH. The solution was then applied 
to a 1 6 X 20 cm Q-Sepharose*FF colurrti. previously equilbrated with 20 mM tris(hydroxymethyl)-amlnomethane/ 
HCI 7 M urea pH 8.1 at 4»C, and eluted with a linear NaCI-gradient in the same buffer increasing from 0 to 0.05 M 
over 24 hours at a ftow rate of 40 mi/hour. The pooled tractions containing the protein from the last eluting peak were 
10 desalted on a column erf Sephadex<»G25 in 1 M acetic acid and lyophilized. 

30 mgol [A8pA2i],des(PheB26],des|Thr«»]-human [Thr^soj^uman insulin were obtained. 
The identity of the product was confirmed by amino acid analysis, by 6-step Edman degradation and by C^erminal 
analysis using carboxypaptidase A. 



IS EXAMPLE XII 

Preparation of [SerA2i].de8[ProB28]-human].human insulin. ^ ^ ^ 

Constnjctbn of an expression plasmW which can be used tor production oT [SeiA2il,de8[ProBa^-human hsulfcn 
and preparation of [Ser^J,des[ProB2e]-human insulin. 

20 A pUC-1 9 derived plasmid. pKFN-864, encoding this analogue was constmctod by gapped duplex mutagenesis 
(Y. Morinaoa et al . Biotechnology 2 (1984). 836^) of plasmid pKFN-734 using the two mutagenic primers NOR- 
648 CTAGAGCCTGCGGGCTGCGTCTAGCTGCAGTAG and Nor-745 ATTGTTCGACAATACCCTTAGCAGCCTT. 
GQTGTAGAAQAAACCTCTTTCACC. Plasmid pKFN-734 was constnjcted by ligating the 0.4 Kb EcoRI-Xbal fragment 
encoding a synthetic yeast signal-leader fused in-frame to a synthetic insulin precursor gene B(1-29) -AlaAlaLys-A 

SB (1-21) from plasmid pUC2l2spx3to the 2.7 kb EcoRI-Xbal fragment from pUC-lS (C. Yannisch-Perron etal., Gene 
33(1985} 103~119) 

~ Plasmid pUC21 2spx3 is described in Example 3 and in Fig. 6 and 1 3 of Intomational Patent Application Publlcallon 

No. W0 89A)2463. ^, , ^ . 

The DNA sequence of the 0.4 kb EcoRI-Xbal fragment from pKFN-864 encoding signaHeader-insulin B(1-29. 

30 des2B Pro)-AteAlaLys-A(1-21, 21 Ser) Is given In Fig. 3. 

pKFN-884 was cut wllh EcoRI and Xbal and the 0.5 kb fragment was llgated to the 9.5 kb Ncol-Xbal fragment 
from pWreae and the 1.4 kb Ncol-EcoRI fragrnent from pMT636, resulting in plasmki pKFN-866, see fig. 4. Plasm W 
pMTe38 was constructed from pMT608 attar deletion of the LEU-2 gene and from pMT479, see fig. 4. pwrsos is 
described in EP 195 691. pMT479 is described in EP 163 529. pMT47g contains the Schizosaccharomyces pombe 

3S TPI gene (POT), the S, cerevislae triosephosphate Isomerase promoter and terminator, TPIp and TPly (Alber, T and 
Kawasaki. G. J. Md. Appl. Gen. 1 (1982), 419-434). PlasmkJ pKFN-866 contains the following sequence: 
TPIp-si^l-leader-insulin B(1-29^des28 Pro)-AlaAlaLys-A(1-21. 21 Ser) -TPIj. 

S. cerevislae strain MT683 (E2-7B XE1 1 -36 a/a, AtplAtpl, pep 4-3/pep 4-3) was grown on YPGaL (1% Bactoyeasl 
extract. 2% Bacto peptone. 2% galactose, 1% lactate) to an O.D. at 600 nm of 0.6. 

40 100 ml of the resulting culture was hawested by centrHugatton, washed with 10 ml of water, recentrffuged and 
resuspended In 10 ml of a solution containing 1.2 M sorbitol. 25 mM N%EDTA pH = 8.0, and 6.7 mg/ml dithkrtreitol. 
The suspenskan was Incubated at 30-C for 15 minutes, cenlrtfuged and the cells resuspended In 10 ml of a solutkxi 
containing 1 .2 M sorbitol. 10 mM NagEDTA, 0,1 M sodium citnate. pH = 6.8. and 2 mg NavozyfT(*234. The suspenskxi 
was incubated at 30»C for 30 minutes, the cells collected by centrifugation, washed in 10 ml of 1.2 M sorbitol and 10 

45 ml of CAS (1 .2 M sorbitol. 10 mM CaClg, 10 mM Tris HCL (Trts = Trts(hydrQxymethyl)amlno methane) pH = 7.5) and 
resuspended In 2 ml of CAS. For transfomnatton 0.1 ml of CAS-resuspended celts were mixed with approximately 1 
M of plasmW pKFN-e66 and left at room temperature for 15 minutes. 1 ml of (20% polyethylenglycol 4000, 10 mM 
CaCU, 10 mM Tris HCI, pH = 7.5) was added and the mbrture left for further 30 minutes at room temperature. The 
mixture was centrifuged and the pellet resuspended in 0.1 ml of SOS (1 .2 M sorbitol. 33% vAr YPD. 6.7 mM CaClg, 14 

so Jig/ml leucine) and Incubated at 30»C for 2 hours. The suspenskxi was then centrifuged and the pellet resuspended 
in 0.5 mi of 1 .2 M sorbitol. Then, 6 ml of top agar (the SC medium of Shennan et al.. (Methods in Yeast Genetics, Cokl 
Spring Harbor Laboratory, 1981) containing 1.2 M 8ort>ltol plus 2.5% agar) at 52»C was added and the suspension 
poured on top of plates contaiiing the same agar-solkiified, sorbitol containing medium. Transfonmant colonies were 
picked after 3 days at 30"C. relsolated arxJ used to start lk:|uld cultures. One such transfom«nt KFN-883 was selected 

55 tor further characterization. . 

Yeast strain KFN«3 was grown on YPD msdium (1% yeast extract. 2% peptone ffrom DHoo Laboratones), and 
2% glucose). A 10 ml culture of the strain was shaken at 30-0 to an O.D. at 600 nm of 20. After centrtfugatton the 
supsmatant was analyzed by HPLC as described (L Snel et al., Chromalographia 2* (1987), 329-332). The yisU was 
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about0.14mgrtitero<ii8ulinB(1-29.des28PfD)-AlaAlBLy8-A(1-21,2l Ser). 

The single chain hsulh precursor vwis Isolated liom the fermentErtloosuperrwtant by adsoqptlorilo an Ion exchange 
column at low pH. desorptlon at high pH and precipitation of the pool by zinc ions. Transpeplidation of the preeursor 
10 rSei*«l,des[ProK8].(ThrB30<3Me]-human Insulin was as follows: 

10 mrnol (2.35 g) of threonine methylesterand glacial acetic acid was dissolved in DMF to give 5 "JJ^. 2 5 ml 76.5% 
v/V DMF In water was added and 0.5 g of precursor was dissolved In the mixture, which was kept at 1 2'C; then SOmg 
of trypsin In 1 .25 ml 0.05 M calcium acetate was added and after 24 houra at 1 2»C the reaction mixture was added to 
100 ml of acetone for precipitation of the peptides, which were spun down and dried In vacuo. 

The isolated nsulin analogue ester was purified on a preparative HPLC column using a silica^JIS maWxal ackJIc 
pH Then the purified ester was hydrolyzed in aqueous medium at pH 10 and 25»C for 24 hours. The ISer«"l.de8 
IProB28Hiuman Insulin formed was preclpitaled at neutral pH with zinc ions. The precipitate was PUri^^ anion 
sMhanUchromatography and subsequemiy desalted by gelfillration.Y.eldoflyophite^ 

insulin was 102 mg. 
IB EXAMPLE XIII 

Preparation of desPtht^^-lratman insulin. 

1 art Zn-lree porcine Insulin was dissolved In 40 ml ol water by adjusting the pH value to 9, and a solution of SO 
mg of porcine trypsh In 10 ml of 0.25 M ammonium hydrogen carbonate ad|U8ted to pH 9 wflh ammonia solution was 
« Jled>hesolufonwaBthenleftat4'Candafter48hour8ayieldof65%was1oundbyHPLCa^^ 

mixture was thsngelflnrated at 4'Cona5x90cmcolumn of Sephade)<»Q50 superfine ln0.05Mamiiionl^^^ 
carbonate with a flow of 90 ml per hour. Fractions containing the main protein peak ware pooled and lyophilized. The 

yield was 520 mg of de8(B23-B30)-human Insulin. . , . ._j 

A peptide with the sequence Gly-Phe-Phe-Tyr-Pro-Lys-Thr was synthesized on a PAM resn by means of pro^e^ 

£6 symmetrical amino acid anhydrides by means of a peptide synthesis apparatus from Applied Biosystems. Finally, the 
peptide was cleaved from the resin by anhydrous hydrogen fluoride at O^C. whereby the remaining protecting groups 

were simultaneously removed. . « wi».«.hui 

200 mg Of des(B23-B30)-human Insulin and 400 mg ol peptide were dissolved In a mixture of ^40 ml of dimethyl 
formamide and 1 20 ml of water and the pH^alue of the mixture was adjusted 6.5 with triethyl amine. 10 mg of porcine 
30 trypsin In 0.20 ml of water was then added and the reaction mixture was left at 20^0 Itor 4 hours. The reaction was 
then stooped by addition of 25 ml of 2-propanol and the precipitated proteins were Isolated by cemrlfugatlon. The 
drained precipitate was redissolvwi in 10 ml of 1 M acetic acid and applied to a 2.6 x 20 cm column ol Lichropiei^ 
RP-18 (2540 um) previously equilibrated with 0.5 mM hydrochloric acid. 0.1 M eodlum chloride In 30% (by volume) 
ethanol The column was than eluled at 20»C at a flow of 20 ml per hour with the same buffer but with a linear in«^ 

36 of the ethand coment to 50% over 24 hours. The eluate vras monitored for U\rtb8orptlon and fiacHonscontainfrig the 
main protein peak were pooled. The protein was preclpitaled by dilutton with the same vduma of water and adjustment 
of the pH-value to 5.5 with sodium hydioxkle solution, and after standing at 4»C for 1 hour the pracpitala was isolated 

^ ^TheyieW wfflsao r^rfdseS^hiMT-human insulin, which %¥as Identified by sequantiai Edman degradation of the 
40 separated vinyi-pyridytated A- arxl B^halns. 

EXAMPLE XIV 

Ponnulatkin of injectable solutkxi. H<m i 

4s 60 umoles of a human insulin analogue according to the invention vmre dissolved in 4 ml ol 0.1 M HCI and 20 mi 
of 1 S% m-cresol were added. The solutkxi Is now mixed with 40 ml of 4% glycerol and 20 ml of 65 mM disodium 
hydrogen phosphate, end the pH value was adjusted to 7.3. Finally the solution was adjusted io 100 ml with water and 
sterilized by filtration. 

BO EXAMPLE XV 

Evaluatkxiol the degree of assodatton. ^, u-r^^h 

A 2 6 cm x 88 cm column of Sephadax^75 was equilibrated with 1 3 mM sodium phosphate buffer pH 7.3 with 

a ftow of 22 mirtiour. By applteatkxi ol des-(octapeptWe-B?«0)-human InsuUn, cytochrome C. rbonuclease and moro- 
Bs and dimeric myoglobh as molecular weight maricers a cunre repreeenthg the molecular weight as a function ol the 

elutkjn volume was drawn. 

By appftadon ol 1 mi of solutkxi containing 0.6 mM Zn-free human Insulin or 0.6 mM insulin anakigue and prepared 

as descrfaed n exan^a XII It was found that Zh4rae human insuin elutes as a taing peak with an apparent molecular 
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wei^t of =1 4 kD and that the analogues prepared as described in the examples VI to X ail were eluted as a symmetric 
peek with an apparent molecular weight of aS kD. . . , 

These results ndicate that human insulin anatogues according to the invention are essential monomeric in solution 
at pH 7.3, whereas the normal human Insulin under the same condlttons to a high degree appears as a mixture of 
5 dimers and higher oligomers. 



EXAMPLE XVI 



10 



IS 



20 



2S 



Evaluation 01 btobgteal activity. ^ 

The blotogical activity in vitro was detemnined by measuring the binding affinity to the nsulm receptors of isolated 
rat adipocytes and hepatocytes esserrtlally as descrtoed in J. Qllemann. S. Qammeltoft: Diabetotogia 10 (1974). 

The Insulin analogues were compared to semisynthetic human insulin, the potency of which was set to 1 00%, and 
the results are shown in the table below: 





Adipocytes 


Hepatocytes 


des[Phe^],des|Thr®30]-human Insulin 
deslPheB2S)-human Insulin 

[A8p^]-des[PheB2B],des(ThrB30]-human Insulin 


223% 
226% 

250%* 


201% 
249% 

242% 



The features disctosed in the foregoing descriptton. in ths foltowing claims andfor in the accompanying drawings 
may. both separately and In any comblnatton thereof, be material for realising the Inventkan In diverse forms thereof. 



Ctaime 



so clalme for the following Contracting Statoo : AT, BE, CH, DE, FR, QB, IT, LI, LU, NL, 8E 

1. Human hsulin anatogues, charaeterM In that they have a positively charged amino acki residue, i.e. Lys or 
Arg. In position B28. i.e. H posllton 6 In the B-chaIn calculated from (GlyB^oj, that they optkyialty are further modified 
in the C-termlnal end ot the B<hain from [Phe*^] tothe C-temnlnal amino acM resklue. with the proviso that there 

3S is no Pro in Positkan B29, and thai optkmlly A21 andter B3 are different from Asn. 

2. Human nsulin analogues, charactorlnd In that they have the foltowing fonnula: 



40 
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so 
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A-Chain S 

I ^ ' 

H-Glv-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
X 2 34 5 6 1 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 n 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

B-Chain (contd.) S 

Giu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 . 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein Xi , X>. Xo, Y, and Y, are any naturally occurring amino acid residue; X4 » Lys or Arg; Xe elected from 
the groupcoriisting 0I any naturally occurrir^g amino acid lasidue except Pro; and Xe is any naturally o«sumng 
amii^acld residue canying the C-iemihaihyditw groupor-OHorXsand Xetogetherfornithe C-temninal hydroxy 
group. 

Human irwulln analogues according to claim 2. wherein Y, and/or is selected from the group consisting of any 
naturally occurring amino acid residue except Asn. 

Human irwulin analogues according to claim 2, wherein 

Xi Is selected from the group consisting of Phe, Ala, His. Thr, Ser, Asn or Tyr; 

Xa is selected from the group consisting 0I Tyr, Thr. Glu. Asp, Ala. His, Ser or Phe; 

Xg Is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xc isseiectedfromthegroupconsislingof Ly8,Thr.Ser, Ala,ABp.orGlu; ^ ^ 

)J is selected from the group consisting of ThrOH, Ser-OH, AbOH, A8j>OH. Glu-OH or -OH. or Xg and Xs 

together lorm the C-termra! hydroxy group; 

Yi is selected from the group consisting of Asn, Asp, Gly, Ser, Glu or Ala and 

Y2 Is selected from the group consisting of Asn, Gh, Glu or Asp. 

Hunran hsuim analogues according to claim 2, wherein 

X, Is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

Xg is selected from the group consisting ot lyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

X3 is selected from the group consisting 0I Pro, Glu, Asp, Ser, Thr or His; 

Xg Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

Xe is OH; 
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is selactad from the group consisting of Asn. Asp, Gly. Ser. Glu or Ala and 
Y2 Is selected from the group consisting of Asn. Qln, Qlu or Asp. 

6. IHuman hsulh analogues according to claim 2, wherein 

5 

X, Is selected from the group consisting of Phe, Ala, HO, Thr. Ser, Asn or lyr; 

X2 is selected from the group consisting of lyr. Thr, Glu, Asp, Ala. His, Ser or Phe; 

is selected from the group consisting of Pro, Glu, Asp, Ser. Thr. or His; 
X5 and Xe together term the C-tenmlnal hydroxy group; 
W is selected from the group consisting of Asn, Asp. Gly. Glu, Ser or Ala, and 

Y2 is selected from the group consisting of Asn, Qln, Qlu or Asp. 

7. Human insulin analogues according to claim 2, whereh X, is Phe; Xg is Tyr, X3 is Thr; Xg is Lys; Xg is Thr-OH; Y^ 
Is selected from the group consisting of Asn, Asp. Ser or Gly and Yg is selected from the group consisting of Asn, 

IB Gin. Asp or Glu. 

8. Human insulin analogues according to claim 2. wherein X, is Tyr; Xg is Thr; Xg is Pro; Xg is Thr; Xg is -OH; Y^ is 
selected from the group consisting of Asn, Asp, Ser or Gly and Y2 Is selected from the group consisting of Asn, 
Gin, Asp or Qlu. 



20 



9. Human Insulin analogues according to claim 2, wherein X^ is Phe; X2 Is Thr; is Pro; Xb Is Thr; Xg is -OH; Y^ is 
selected from the group consisting of Asn, Asp, Ser or Gly and Yg is selected from the group consisting of Asn, 
Gin, Asp or Qlu. 

ia Human insulin analogues according to claim 2, wherein X, is Phe; Is Tyn X3 is Pro; X5 is Thr; Xg is -OH; Yi is 
selected from the group consisting of Asn, Asp, Ser or Gly and Yg Is selected from the group consisting of Asn, 
Gin, Asp or Glu. 

11. Human insulin analogues according to claim 2, wherein said X, amino acid is uncharged and has a cartion atom 
In the gamma-position which Is sp2-hybrldized and Xe Is -OH. 

12. Human insulin analogues according to claim 1 1 , wherein Y, and Y2 are sslsctsd from the group consisting of any 
naturally occurring amino acid residue except Asn and is selected from the group consisting of any naturally 
occurring amino acid residue except Thr and Pro. 

13. Human insulin analoguss according to claim 11 , wherein X5 and Xg together form -OH. 

14. Pharnnaceutical composition comprising a hunnan insulin analogue having the fbilowing formula: 



40 
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H-Glylle-VaL 
12 3 



A-Chain 




4 5 6 1 8 9 10 11 12 



S 



B-Chain 



S 



H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-Hi5-Leu-Val 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 



Xi-X2-'X3-X4-X5-X6 
25 26 27 29 29 30 



wherein , X2. X3. and Yg are any naturally occurring amino acid residue; X4 is Lys or Arg; X5 selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and is any naturally occurring 
amino acid residue carrying the G-termlnal hydrwcy group or -OH or Xg and Xe togettier form the Oterminal hydroxy 
group or a pharmaceutical iy acceptable salt thereof and a pharmaceulicaliy acceptable carrier 

15. The pharmaceuticai composition according to claim 14. vi^erein said Insulin analogue exhblts low solubility at pH 
7.3. 

1& The pharmaceutical composition accordiig to claim 15. wherein said insulin analogue is essentially monomeric. 

17. The pharmaceutical composition according to claim K wherein said pharmaceutical composition Is fomriulated 
as an aqueous solution. 

ia The pharmaceutical composition according to claim 14, wherein said phamnaceutical composition is formulated 
as an aqueous suspension. 

19. The pharmaceutical composition according to claim 14, wherein said pharmaceutically acceptable carrier is an 
aqueous, isotonic solution. 

2a The pharmaceutical composition according to claim 17. 18 or 19, wherein said aqueous solution, aqueous sus- 
pension or aqueous isotonic solution further comprises zinc Ions and/or a buffer, such as acetate or citrate and/or 
a preservative such as m-creeoi, methytparaben or phenol. 

21. The pharmaceutical composition of claim 14, wherein said pharmaceutical composition comprises mora than one 
insulin analogue. 




B-Chain ( contd . ) 
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22. Tha pharmaceutical composition according to claim 
for mucosal or transcutaneous administration. 

23. The phamiaceutical composition according to claim 
5 for parenteral administration. 

24. The pharnriaceutlcal composition according to claim 
naturally occurring amino acid residue except Pro. 



14. wharsin said pharmaceutical composition is formulated 
14, wherein saU pharmaceutical composition is formulated 
14, wherein Xe is selected from the group consisting of any 



w 2S. The pharmaceutical composition according to ciaim 14 or 24. wherein and^or is selected from the group 
consisting of any naturally occurring amino acid residue except Asn. 

26. The pharmaceutical composition according to claim 14, wherein 

IS X, is selected from the group consisting of Phe. Ala, His. Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr, Thr, Qlu, Asp, Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pro, Giu, Asp. Ser, Thr or His; 

Xc Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp. or Giu; 

Xe Is selected from the group consisting of Thr-OH, Ser-OH. Aia-OH, Aap<5H. Glu-OH or -OH, or Xg and 

20 together form the C-terminal hydroxy group: 

Yi is selected from the group consisting of Asn, Asp, Qly, Ser, Qlu or Ala and 

Yg is selected from tha group consisting of Asn, Gh, Giu or Asp. 

27. Tha pharrTBcauticai composition acooiding to claim 14, wherein 

X-i is selected from the group consisting of Phe, Ala, His, Thr, Ser. Asn, or lyr; 

X2 is selected from the group consisting of Tyr, Thr, Giu, Asp, Ala. His, Ser or Phe; 

Is selected from tiie group consisting of Pro, Qlu, Asp, Ser, Thr or His; 

X5 is selected from tiia group consisting of Lys, Thr, Ser, Ala, Asp, or Gtu; 

30 Xe is OH; 

Yi Is selected from rt\o group consisting of Asn, Asp, Qly. Ser, Qlu or Ala and 

Yg is selected from the group consisting of Asn, Gh, Giu or Asp. 

2& The pharmaceutical connposition according to claim 14, wherein 

as 

Xi is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

X2 is selected from the group consisting of Tyr, Thr, Giu. Asp. Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pro. Giu, Asp. Ser. Thr. or Hie; 

Xs and Xe together form the C-terminal hydroxy group; 

40 Yi Is selected from the group consisting of Asn, Asp. Gly, Qlu, Ser or Ala, and 

Y2 is selected from tha group consisting of Asn, Gin, Giu or Asp. 

29. The pharmaceutical conposltlon according to claim 14. wherein X^ Is Phe; Xg is lyr; X5 is Thr; Xe is Lye; Xe Is 
Thr-OH; Y, is selected from the group consisting of Asn, Asp, Ser or Gly and Y2 is selected from the group consisting 
45 ol Asn, Gin, Asp or Gtu. 

3a The pharmaceutical composition according to claim 14, wherein X, is Tyr; Xg is Thr; Xg Pro; X5 Is Thr; is - 
OH; Y^ is selected from the gnxjp consisting of Asn, Asp, Ser or Gly and Yg is selected from the group consisting 
of Asn. Gin, Asp or Giu. 

so 

31. The pharmaceutical composition according to claim 14, wherein X^ is Phe; X2 is Thr; X3 is Pro; X5 is Thr; Xe is - 
OH; Y^ is selected from the group consisting of Asn, Asp. Ser, or Gly and Y2 is selected from ttie group consisting 
of Asn, Gin, Asp or Giu. 

ss 32. The pharmaceutical composition according to claim 14. wherein Xi Is Phe; X2 is TVn X3 Is Pro; Xg Is Thr; Xe la ■ 
OH; Y, is selected from the group consisting of Asn, Asp, Ser or Gly and Yg is selected from the group consisting 
of Asn. Gin, Asp or Giu. 
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3a The pharmaceutical composition according to claim 1 4. wherein said X, amino acid is uncharged arxJ has a carbon 
atom In the 9»nma-p08ttk« which Is 8p2-hyt>rldlzed and l» -OH. 

34. The pharmaceutical composition accordhgtodalm 33. whereh and Y^are selected Irom the group consisting 
oT^y Su rally occunin^ino acid residue except Asn and is selected from the group cor««l.ng ol any 
naturally occurring amino add residue accept Thr. 

35. The phamaceuticai composition accordrg to claim 33. wherein X5 and togehter torn -OH. 
38u A piocess tor preparing a human insulin analogue hawing the following formula: 



A-Chain s — ^ 

H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 1 8 9 10 11 12 

S 
I 

B-Chain | 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-caiain (contd,) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein X, X> Xa. Y, and Y, are any naluralV occurring amino acid residue: X4 » Lys or Arg; Xg is selected from 
Te group (iSlih^Q of any ^ral^occurrtr^ amino acid residue except Pro; and X, Is any naturally oourrlng 
^n^a^idresidueLny^theC^ermiialhydroxygrouporOHorXsand^ 

group, whereh a DMA sequence encoding a precursor ol the Insulin analogue In question is Inserted Into a suteWe 
yeast expression vehicle which, when translsrred to yeast, is capable of expressing and waatrg *^J^^^ 
of the insulin analogue in which [LysB*] . [Afg««»BLysB»] or [Afg«»| is oonnected to Qly*i by a peptide bond or 
a peptide of the iormula III 

-R(n)-R(1)- 

wherein R is a peptide chain with n amino acid residues, n is an integer 1rom0to33andR(1)i8l4rBor Arg. the 
transtormed yeast strain to cultured h a suitable nutrient medium, and the precuraor to recowred from the culture 
broth and reacted with an amino compound of the formula IV 
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(XXV 



wherein Q is a singie amino acid residue and R" Is a carboxy protecting group such as malhyl or tert-butyl. using 
trypsin or trypsin-iilts enzyme as a catalyst in a mixture of water and organic solvents, whereupon the carlx«y 
orotectina group Is removed and the insulin analogue is isolated Ifom the reaction mixture, or 
an insulin analogue precursor in which the C-termlnal amino acid is different irom Lys or Arg. said precursor having 
a brkJge ot a sUgie pair ol basic amino acids selected Irom the group consisting ol lys and Arg between the C- 
terminal and Gly*' may be isolated and then converted into the insuGn analogue by enzymatic treatment uemg 
tiypsin and oaitxncypaptkJaBa B. 

37. A procees for preparing a human insulin analogua having the following formula: 



A-Chain 'S 

( -7 I 

H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 3 4 5 6 7 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein X, Xo X3, and Yg are any naturally occurring amino acid residue; X» te Lys or Arg; Kb « eelected from 
the group (listing of any naturally occurring amino acid residue except Pro; and Xg Is any naturalV Offur^ng 
amino acid residue carrying the C-lermrai hydroxy group or OH or Xs and Xe togeto^^ 
group, wherein de8(B23-B30)-human insulin is prepared by treating an Insulin with trypsin to cleave off the 
(B23-B30)-amino acids, the desired peptide of six to eight amino acids is synthesized. Ihe resulting peptide s 
coupled to des(B23-B»)-human hsulh. and the resulting Insulin analogue Is Isolated from the reaction mixture. 

3a The use of a compound according to any of claims 1 to 1 3 for the preparation of a medicament for use in the 
treatment of diabetes. 
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1. A procBss for preparing a human insulin analogua having the following formula: 



A-Chain "S 

I ' 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 S 6 1 8 9 10 11 12 

S 

I 

B-Chain S 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
1 2 3 4 5 6 7 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

whereInX, X, X,.Y, and Y, are any r«lumlV<»eurring amino acid re8klue;X«teLy8 or Arg-.Xg is sa^ 

Of any natumVoccunlnfl amino ao« «,idue except Pk,; ««. I. any ooaur^j 
amino acid residue canying the C-termralhydroxygioup or OH or Xs and Xeto^ 
^^.^erehaDNATequenceencodlngaprecu-sorofthelr^ullnanalogue^ 

Jaart expreeskx, vehicle which, when trenelerred to yeart^ie capabtejrf ««P'«««:;^««* ^LjS^SS 
01 the ineulln analogue In whtoh ILyeB*! . [Arapaj, iLy8B29, or (ArgBze, ^ connected to GlyAiby a peptide bond 

or a peptide of the formula III 

-R(n)-H(1)- 

wherein R is a peptide chain with n amino acid residues, n is an integer from 0 to 33 and R(1 )» 1*8 or Arg. the 
SImedyeaLralnieculturedhaeultablenutriert medium, and^^ 
broth and reacted with an amino compound of the fonnula IV 

OOR* 

wherein Q is a single amino acid residue and R" is a carboxy protecthg group such as methyl or ^rtW uang 
trypsin or trypein-lllcB enzyme as a catalyst In a mixture of water and organic aolvente, whereupon the carboxy 
protecting group is removed and the insulh analogue is isolated from the reaction mature, or 
an insulin ^togue precursor m which the C-termhal ammo acid Is different from Lys or Aig. said precursor havino 
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a bridge of a siigle pair erf basic amino acids salscted liom the group corwisting of l^s and Arg betwaan ttia C- 
tcrmlrial and Gly*' may be Isolated and then converted Into the Insulin analogue by enrymatic treatment using 
tiypsin and caitxixypeptidasa B. 

2. A process for preparing a human insulin analogue having the following fonnula: 



A-Chain S- S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-lle-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 34 5 6 7 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X, , Xg, X3, and are any nalurally occurring amino acid residue; X4 is Lys or Arg; Xs is selected from 
the group corwisting of any naturally occurrtng amino acid residue except Pro; and Xr is any raturaily occurring 
amino acid residue carrying the C-lerminal hydroxy group or -OH or Xg and together form the C-temiinal hydroxy 
group, wherein des(B23-B30)-human Insulin Is prepared by treating an Insulin with trypsin to cleave off the 
(Q23-530)-amlno acids, the desired peptide of six to eight amino acids Is synthesized, the resulting peptide Is 
coupled to des(B23-a30)-human Insulin, and the resulting insulin analogue Is isolated from the reaction mixture. 

3. The process according to claim 1 or 2, wherein Y, and/or Yj is selected from the group consisting of any naturally 
occurring amino acid residue except Asn. 

4. The process acxxirding to claim 1 or 2, wherein 

Xi is selected from the group consisting of Phe. Ala, His, Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr. Thr, Glu, Asp, Ala, His, Seror Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xg Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Qlu; 

Xe is selected from the group consisting of Thr-OH, Ser-OH. Ala-OH, Asp<DH, Glu-OH or -OH, or Xg and Xg 

together form the C-termral hydroxy group; 

Yi Is selected from the group consisting of Asn, Asp, Gly, Ser, Glu or Ala and 

Yo is selected from the group consisting of Asn, Gin, Glu or Asp. 
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5. The process according to claim 1 or 2, wherein 

Xi is selected from the group cor^isting of Phe. Ab, His, Thr, Ser. Asn or Tyr; 

Xg is selected from the group consisting of Tyr, Thr. Qlu. Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xfi is selected from the group consisting ol Lys. Thr. Ser, Ala. Asp. or Qlu; 

Xg is -OH; ^ 

Y, is selected from the group consisting of Asn. Asp. Gty, Ser. Glu or Ala and 

Yg is selected from the group consisting of Asn, Gin, Glu or Asp. 

6. The process according to claim 1 or 2. wherein 



X, is selected Irom the group consisting of Phe, Ala. His, Thr. Ser, Asn or Tyr; 

X2 Is selected Irom the group consisting of Tyr, Thr, Qlu, Asp. Ala. His. Ser or Phe; 

,5 Xa is selected Irom the group consisting of Pro, Glu. Asp, Ser, Thr, or His; 

Xc and Xe logether fomi the G-terminal hydroxy group; 

Y^ is selected Irom the group consisting of Asn, Asp. Gly, Glu, Ser or Ala, and 

Y2 la selected Irom the group consisting d Asn, Qln, Glu or Asp, 

20 7. The process according to clain 1 or 2. wherein X, Is Phe; X^ is Tyr; X3 is Thr; )^ is Lys; Xe is Thr-OH; Y^ « selected 
from the group consisting of Asn. Asp. Ser or Gly and Y2 is selected from the group consisting ol Asn. Gin. Asp 
or Glu. 

8. The process according to claim 1 or 2. wherein X, is Tyr; Xg is Thr; Xg is Pro; Xg is Thr; Xe is -OH; Y, is selected 
25 from the group consisting of Asn. Asp. Ser or Gly and Y2 is selected from the group consisting of Asn. Gin. Asp 

or Glu. 

9. The process according to claim 1 or 2. wherein X, Is Phe; Xg is Thr; Xg is Pro; Xg Is Thr; Xe Is -OH; Y^ Is selected 
from the group consisting of Asn. Asp. Ser or Gly and Yg is selected from the group consisting ol Asn. Gin. Asp 

30 or Qlu. 

ia The process according to claim 1 or 2, wherein X, is Phe; X^ is Tyn X3 is Pro; Xg is Thr. Xe is OH; Y^ is selected 
from the group coneladng of Asn. Asp. Ser or Gly and Yg is selected from the group consisting ol Asn. Gin. Asp 
or Glu. 

3S 

11. The process accordrg to claim 1 or 2, wherein said X^ amino acid is uncharged and has a caitxwi atom in the 
gammaiDosition which is 6p2-hybridi2ed and Xg is -OH. 

12. The process according to claim 11. wheraii Y1 and Y2 are selected from the group consisting of any naturally 
40 occurring amino acid residue eowept Asn and X^ Is selected from the group consisting ol any naturally occurring 

amino acid residue except Thr and Pro. 

13. The process according to claim 11. wherein Xg and Xe together lonm -OH. 

45 14. A process tor preparing a pharmaceutlcaJ conr^wsltlon comprising fomiulating a human insulin analogue prepared 
by the process aeooidlng to any of clafrns 1 to 13 or a pharmaceuticaily acceptable salt thereof with a pharmaceu- 
tically acceptable carrier. 

15. The process according to claim 14. wherein said insulin analogue exhibits low solubility at pH 7.3. 

50 

ia The process according to claim 15. vwheroin said insulin analogue is sssentialiy monomenc. 
1 7. The process according to claim 1 4. wherein said pharmaceutical composition is formulated as an aqueous solution. 
55 ia The process according to claim 14, wherein said phannaceutlcal composition Is tormulaled as an aqueous sus- 



19. The process accoiding to claim 14. whereifi said phamiaceutically acceptable carrier is an aqueous, isotonic so- 
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lution. 

2a The process accoiding to claim 17, 18 or 19. wherein said aqueous solution, aqueous suspension <»- aqusous 
iMtonic solution further corr^rises zinc Ions andtor a bufler. such as acetate or citrate an*or a preservative such 
< as m-cresol. methylpaiabsn or phenol. 

21. The process oT claim U. wherein said pharmaceutical composition comprises more than one Insulin analogue. 

22. The process acoottiing to claim 14. wherein said phamiaceutlcal composition is tomiulated tor mucosal or trans- 
10 cutaneous administration. 

23. The process according to claim 14. wherein said phamiaceutical composition is lormulated lor parenteral admin- 
istration. 

16 24. The use of a compound prepared in the process according to any of clai^ 
cament lor use in the treatment of diabetes. 
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Ctalme for the followbig Contracting State : QR 

1 Human rsulin analogues, chftraeierlz«l m that they have a poeitfvely charged amino acid residue i eO^ or 

in L CM^rminal end o1 the &chain from [Ph^] to the C-temnlnal amino acW residue, with the proviso that there 
is no Pro in Position B29. and that optionally A21 and/or B3 are different Irom Asn. 

2. Human Insulin analogues, charaotarlzed In that they have the folbwing formula: 



A-Chain S — — 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 5 6 1 8 9 10 11 12 

S 
I 

B-Chain S 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 34 5 67 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

•S 

B-Chain (contd. ) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 
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wherein X, X* X3 Y, and are any naturally occurring amino acid residue: X4 is Lys or Arg: X5 is selected from 
the aroup ^Mng of any naturally occurring amino acid residue except Pro; and Xe Is any naturally occurring 
amino acW residue carrying the WeminalhydfoxygiouporOHw 

group. 

3. Human Insulin analogues according to claim 2. wherein Y, and/or Yg Is selected from the group consisting of any 
naturally occurring amino acU residue except Asn. 

4. Hurran insulin analogues according to claim 2. wherein 

X, Is selected from the group consisting of Phe, Ala. His. Thr. Ser, Asn or lyr; 

Xg is selected from the group consisting of Tyr, Thr, Glu. Asp. Ala, His. Ser or Phe; 

Xs is selected from the group consisting of Pro, Glu, Asp. Ser, Thr or His; 

Xs Is selected from the group consisting of Lys, Thr, Ser, Ala. Asp. or Glu; v 

16 )5 is selected from the group consisting of Thr-OH. SerOH. Ab-OH. A8f>OH, GluOH or Oi, or Xg and Xe 

together form the C-termlnal hydroxy group; 

Yi is selected from the group consisting of Asn, Asp. Gly. Ser. Glu or Ala and 

Y2 Is selected from the group conslating of Aen, Gh. Glu or Asp. 

20 6. Human insula analogues according to claim 2. wherein 

X, is selected from the group consisting of Phe, Ala. His, Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr, Thr. Glu. Asp. Ala. His, Ser or Phe; 

Xg is selected from the group consisting of Pro. Glu, Asp, Ser, Thr or His; 

25 Xg isselectedfromthegroupconsistingof Lys, Thr. Ser,Ala,ABp. orGlu; 

Xe Is -OH; 

Yi is selected from the group consisting of Asn. Asp, Gly. Ser. Glu or Ala and 
Yg Is selected from the group conslating of Asn, Gin. Glu or Asp. 

30 6. Human msulh analogues according to cteim 2, wherein 

X, is selected from the group consisting of Phe, Ala, His, Thr. Ser, Asn or Tyr; 

Is selected from the group consisting of lyr, Thr, Glu, Asp. Ala, His, Ser or Phe; 
Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr, or His; 

36 XcandXe together forni the C-temriinal hydroxy group; 

Y^ is selected from the group consisting of Asn, Asp, Gly. Glu. Ser or Ala. and 

Y2 is selected from the group consisting of Asn, Gin. Glu or Asp. 

7. Human insulin analogues according to claim 2. whereh X, is Phe; Xg is Tyr; X9 is Thr; Xb « Lys; Xa » Thr^H Y, 
40 is selected from the group consisting ol Asn. Asp. Ser or Gly and Yg Is selected from the group consisting of Asn. 
Gin, Asp or Glu. 

a Human Insulin analogues according to claim 2. wherein X, Is lyr, Xg Is 71^ Xa Is Pro; Xg Is TTir; ^ ^ -OH^ Is 
selected from the group consisting of Asn. Asp, Ser or Gly and Yj is selected fiom the group consisting of Asn. 
46 Gln.AsporQIu. 

9 Human insulin analogues according to claim 2. wherein X, Is Phe; Xg Is Thr; Is Pro; Xg Is Thr. Xs Is OH; Y, is 
selected from the group consisting of Asn, Asp. Ser or Gly and Y^ is selected from the group consisting of Asn, 
Gin, Asp or Glu. 

ia Human insuin analogues according to claim 2. wherein X, is Phe; Xg is Tyr; Xg is Pro; Xg is Thr; Xg is -OH; Y, is 
selected from the group consisting of Asn, Asp, Ser or Gly and Yg Is selected from the group consisting of Asn, 
Gin. Asp or Glu. 

11. Human Insulin analogues according to claim 2. wherein said X, amino acid is uncharged and has a carbon atom 
in the ganwna-position which is sp2-hybridizBd and X^ is -OH. 

12. Human insulin analogues according to claim 11 . wherein Y, and Yg are selected from the group consisting of any 
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naturally occurring amino acid residua except Asn and >^5 is selected from the group consisting of any naturally 
occurring amino add residue except TTv and Pro. 

13. Human insulin analogues according to claim 11 , wherein Xe and Xg together form <5H. 

14. A process lor preparing a human insulin analogue having the following formula: 



A-Chain S— — S 

I 7 1 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 5 6 1 8 9 10 11 12 

S 
I 

B-Chain S 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
1 2 34 5 67 8 9 10 11 12 

A-Chain { con td . ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

Miherein Xi, Xg, X3, Y, and Yg are any naturally occurring amino acid resWuo; X4 is Lys or Arg; Xs Is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and X^ is any naturally occurring 
ammo add residue carrying the C-termlnal hydrra(y group or -OH or Xg and Xe together form the C-lermlnal hydroxy 
group, vi^erein a DMA sequence encoding a precursor ol the Insulh analogue In question Is Inserted Intoa suitable 
yeast wprsssion vehicle which, when transferred to yeast, is capable of expressing and secreting the precursor 
of the insulin analogue in which [LysB^^]. [Arg^^, [Lys^ or [ArgP«] Is connected to Qly*^ by a peptide bond or 
a peptide of the formula 111 

-R(n).R(1). 

wherein R Is a peptide chain with n amino acid residues, n Is an Integer from 0 to 33 and R(1 ) Is l^^s or Arg. the 
transformed yeast strain Is cultured in a suitable nutrient medium, and the precursor is recovered from the culture 
broth and reacted with an amino compound of the formula IV 

CK5R- 

wherein Q is a single amino acid residue and R" is a carboxy protecting group such as methyl or tert-butyl, using 
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uvpsin or trypsin-lilce enzyme as a catalyst in a mixture of vwler and «ganic solvente. thereupon the caibocy 
mtteetlnflo^P 18 removed and the InsulhanatoQue 18 1^ . 
S^,^rSueJ^inv*lchtheC>tem,^laminoackl«^ 

rbrwSe (JTJSgle pair of basic amino acids eeiected from the group consisting o1 tys and Arg between the C- 
feSSS be rotated and then converted Wo the insulin analogue by enzymatc treatment us.ng 

trypsin and cartxscypeptidase B. 
IS. A process for preparing a human insulin analogue having the following fonmula: 



A-Chain S — ■ | 

H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 1 8 9 10 11 12 

S 
I 

B-Chain | 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1234567B9 10H12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

whereinX, X, Xs.Y. and Y, are any naloiaily occurring amino acid rwidueiX, Is Lys or Arg; Is selected fi^ 
TsZp^X'^^ Lural^occuning amino acid residue except P|o^d any -'"n^J' """-^ 
a^lSre8ldue«rrylngtheWemilnalhydroKyg.ouporOHorX5andXstoQ^ 

J^J?.^e^n des(23-l30)-human insulin is prepared by treating ^njnsulin tJ,T'Lu«lrnlide J 
?B2;^M0)-amino acids, the desired peptide of sbi to eight amino acWs is f»^^;^J^^^;J^ 
coupled to des(B23-B30)-human insulh. and the resulting insulin analogue is isolated from the feaotion mixtura. 

1& Aproceesforpreparingapharmaceuticaicomposilloncomprlsingfomiulatingahuman ^^^J^^^^ 
to a^clainsTto 13 or a phamiaceutically acceptable salt thereof with a pham»ceulically acceptable earner. 

17. The process according to claim 16, whereh said insulin analogue exhibits low solubility at pH 7.3. 

1& The process according to claim 1 7, wherein said insulin analogue Is essentially nwnomerlc. 

1ft The processaccordingtoclalm 16, wherein said phamwceutlcal composition Istomiuiatedas an aqueous solution. 
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2a The process according to claim 16. wherein said pharmaceutical composition is formulated as an aqueous sus- 
pension. 

21. The process according to claim 16, wherein said pharmaceutlcally acceptable carrier is an aqueous, isotonic so- 
lution. 

22. The process according to claim 19. 20 or 21. wherein said aqueous solution, aqueous suspension or aqueous 
isotonic solution further comprisee zinc ions and/or a buffer, such as acetate or citrate and/or a presewative such 
as m-cresol. methylparaben or phenol. 

23. The process of claim 16. wherein said pharmaceutical composHlon comprises more than one Insulin analogue. 

24. The process according to claim 1 6, wherein said pharmaceutical composition is formulated for mucosal or trane- 
cutaneous administration. 

25. The process according to claim 16, wherein said pharmaceutical composition Is lomiulated lor parenteral admin- 
istration. 



2a The use of a compound according to any of claims 1 to 13 lor the preparation of a medicament for use m the 
20 treatment Of diabetes. 

PotmitaneprOohe 

zs 

PatentaneprOohe Mr Mgande VWmgMtaaton : AT, BE, CH, DE, FR, GB, U, U, LU, NL, SE 

1 Anaiooe von menschllchem Insulin, gekennzelchnet dadurch. daB sle einen posltiv geladenen Amlnc«aurerest, 
d h Lys Oder Arg. an Position 828 besilzen. d.h. in Position 8 in der B4<ette, gerechnet von [GlySaO], dad sie 
30 wahlweisezusStzllchindemC>temiinalenEndederB-Keltevon[PhBBa4]bis2ude^ 

modiflzlert sind. mit der Maflgabe. da5 sich keh Pro In Position 829 beflndet. und daB wahlwelse A21 undfoder 
Bd nichi Aan sind. 

2. Analogs von menschllchem Insulin, dadurch gelcennzeichnet, daB sie die folgende Fonnel besitzen: 
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A-Kctte S— S 

I ' I 
-:-C-:v-IIe-Val-Glu-Glr.-Cvs-Cvs-Tr.r-5sr-:i2-Cys-S3r- 

12 3 4 5 6 I c 5 11 12 

S 

B-Kene s 

I 

H-=r.a-VaI-'/2-GIn-His-Leu-Cys-G:y-Ser-His-Leu-vaL 
I 2 3 4 5 6 7 8 9 10 U 12 

A-Ketce (Fbrtsetzung) 

13 U 15 16 17 13 19 20 21 
Lsu-T vc-G Ir.- Leu-Giu-Aar.-T vr-Cys - V i -OH 

( 

B-Kctte (Fortsctzung) S 

GI.u-Aia-Lau-Tyr-Leu-Val'Cy5-Gly-Glu-.3Lrg-GLy-?he- 
13 14 15 16 17 18 19 20 21 22 23 24 

5-Chdir. (coned.) 



25 25 27 25 29 30 

wobsi X,. Xg, Xg, Yi und Yg jede bsltebige, natflrlich vorkommsnde Aminosaure sind; X4, Lys oder Arg ist; Xg 
ausgewahtt 1st aus der Qruppe, bestehend aus jeder belleblgen, natOrlich vortommenden Aminosaure mit Aua- 
nahme von Pro; und Xs jede beliebige naturtich vorfcommands Aminoeaura isl, die die C^erminale Hydroxygmppe 
tfdgt Oder -OH Oder X5 und Xe zusanvnen die C-termlnale Hydroxygruppe bllden. 

Analoge von menschlichem Insulin nach Anspmch 2, wobei und/-oder Yg ausgewahit sind aus der Gruppe, 
bestehend aus leder belieblgen, natOrlich vorl<ommenden Aminosaure mIt Ausnahme von Asn. 

Analoge von menschlichem Insulh nach Anspruch 2, wobei 

ausgewfthtt Ist aus der Qruppe, bestehend aus Phe, Ala, His, Thr, Ser, Asn oder lyr; 
X2 ausgewfihtt Ist aus der Qruppe, bestehend aus TVr, Thr. Qlu, Asp, Ala, His, Ser oder Phe; 
X3 ausgewahit ist aus der Gmppe. beetehend aus Pro, Glu. Asp, Ser, TTirodar His; 
Xs ausgewdhlt Ist aus der Qruppe. bestehend aus Lys, Thr, Ser, Ala, Asp Oder Qlu; 

Xe ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Sar-OH, Ala-OH, Asp-OH. Glu-OH oder -OH, Oder 

Xg und Xe bllden zusammen die G-tenmlnale Hydroxygmppe; 
Y^ ausgewahit ist aus der Gmppe, bestehend aus Asn, Asp, Gly. Ser, Glu oder Ala und 
Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn. Gin, Glu oder Asp. 

Anabga von menschlichem insuln nach Anspruch 2. wobei 

X^ ausgewahit ist aus der Gmppe. bestehend aus Phe. Ala. His, Thr, Ser, Asn oder Tyr; 

X2 ausgewahit Ist aus der Gmppe. bestehend aus lyr. Thr, Qlu, j^p, Ala. His. Ser oder Phe; 

X3 ausgewdhit ist aus der Qmppe, bestehend aus Pro, Qlu, Asp. Ser, TTir oder His; 

Xs ausgewahit ist aus der Gmppe, bestehend aus L^s, Thr, Ser, Ala, Asp oder Glu; 

Xe -OH Ist; 

Y^ ausgewahit ist aus der Gmppe, bestehend aus Asn. Asp. Gly, Ser, Glu oder Ala und 
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ausgswahit ist aus der Gruppe. bsstehend aus Asn. Gh. Glu Oder Asp. 



10 



IS 



6. Analogs von msnschlichem Insulin nach Anspruch 2. wobsl 

X. ausgswahit ist aus der Gmppe, bsstehend aus Phe, Ala. His, Thr, Ser, Asn oder Tyr; 

ausgewahit 1st aus der Qruppe. bestehend aus Tyr, TMr, Glu. Asp, Ate. His. Ser Oder Phe; 
Xg ausgewahit Ist aus der Qruppe. bestehend aus Pro, Qlu. Asp. Ser, Thr oder His; 

Xg und Xq zusammen die C-tamninale Hydroxygmppe bildsn; 

Yi ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Glu. Ser oder Ate, und 

Y2 ausgewahit ist aus der Gmppe. bsstehend aus Asn, Gin, Glu oder Asp. 

7. Analoge von msnschlichem Insuin nach Anspruch 2, wobel 
X, Phe ist; Tyr ist; X^lhr ist; X5 Lys ist; XeThr-OH ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn. 
Asp. Ser Oder Gly und Yg ausgewfihlt ist aus der Qruppe. bestehend aus Asn. Gin. Asp oder Glu. 

8 Analoge von menschllchem Insulin nach Anspruch 2. wobel X^ Tyr Ist; X^ Thr Ist; X3 Pro 1st; Xg Thr ist; Xg -OH Ist; 
Yi ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp. Ser oder Gly und Yg ausgewahit ist aus der Gnjppe. 
bestehend aus Asn, Gin. Asp oder Qlu. 

20 9 Analoge von menschllchem Insulin nach Anspruch 2. wobei X, Phe ist; Xj Thr ist; X3 Pro ist; Xg Thr ist; Xe -OH 
1st; Yi ausgewahit Ist aus der Gruppe. bestehend aus Asn. Asp. Ser oder Gly und Yg ausgewahit ist aus der 
Gmppe, bestehend aus Asn, Gin, Asp oder Glu. 

ia Analoge von menschllchem Insulin nach Anspmch 2. wobei X, Phe ist; Xg Tyr ist; X3 Pro ist; Xg Thr ist; Xg -OH 
ist; Yi ausgewahit ist aus dar Gruppe. bestehend aus Asn, Asp. Ser oder Gly und Yj ausgewahit ist aus der 
Gmppe, bestehend aus Asn, Gin. Asp oder Qlu. 

11. Analoge von menschllchem Insulki nach Anspruch 2, wobel die Amhosflure X, kelne Ladung besltzt und ein 
Kohlanstoffatom in der Gamma-Position besitzt. das sp^-hybridisiert ist und Xg -OH ist. 

^Z Analoge von rrwnschllchem Insulin nach Anspruch 11. wobel Yi und Yg ausgewfihlt sind aus der Gmppe. beste- 
hend aus jeder beliebigen natQriich vorkommendan Aminosaure mit Ausnahme von Asn und Xg ausgewahit ist 
aus dor Gmppe. bestehend aus jeder beliebigen natOrtlch vorkommenden Aminosaure mit Ausnahme von Thr und 
Pro. 

13. Anatoge von menschlkshem Insuir nach Anspruch 11 , wobei Xg und Xg zusammen -OH bilden. 

14. Pharrrwzeutlsche Zusanwionsetzung. enthaltend eIn Analoges von menschltehem Insulin mit der folgenden For- 
mal: 
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A-Kcttc s S 

I ' ( 

12 3 4 5 6 i S 9 10 i: i: 

5 

B-Ketre 3 

i 

1 2 3 4 5 c 7 8 9 iO 11 12 
A-Keitc (Fonsctzung) 

13 1-! 15 Lo 17 13 19 :: 21 
l'2--Tvr-Glr.*Leu-Glu-Asr.-Tvr-Cv5-': ^ -CH 

i 

B-Kettc (FortS€tzung) 5 

Glu-Aia-L6U-Tyr-Leu-VaL-Cv5-;iV'31u-Arg-Gly-?!::a- 
13 14 15 16 17 18 15 21 22 23 24 



^ 25 26 27 2a 29 30 



wobei Xf. X2, X3. und jede betiebige natflriich vorkommende Amhosaure sind; )C| Lya oder Arg isl; X5 
3S ausgew&htt ist aus der Qaippe, bestehend aus Jeder bellebigen natQrlich voricommenden Amferkosdure mit Au3- 
nahme von Pro; und jeda beliebige, natQrlich vorkommenda Aminosaure ist, die die C-terminale Hydroxygruppa 
tragt, oder -OH ist oder X5 und Xe zusamman die C-tarminale Hydroxygruppe bilden, Oder ein phamnazeutisch 
vertragllches Saiz davon und ein pharmezeutiech vertrftgHcher Trdger Ist. 

40 15. Phamnazeutische Zusamnnensetzung nach Anspruch K wobei das insulin-Anafoge eine geringe Ldsllchkeit bei 
pH 7,3aufweist. 

ia PhamnazeutlschoZusannmensetzung nach Anspaich 15. wobei das Insulin-Anaioge Im wesentllchen monomer ist. 

45 17. Pharmazeutische Zusammensetzung nach Anspruch 14» wobei die pharmazeuflsche Zusammensetzung els eine 
waSrige Losung formullert ist. 

ia Phamnazeutische Zusammensetzung nach Anspruch 1 4, wobei die phamiazeutische Zusammensetzung als eine 
waBrige Suspension fomnuliert ist. 

60 

ia Pharmazeutische Zusammensetzung nach Anspruch 14, wobei der phannazeutisch vertiagliche Trager eine 
wftBrlge tsolonische Ijdsung Ist. 

2a Pharmazeutische Zusammensetzung nach Anspruch 17, 1B oder 19. wobei die wfiBrige L6sung, wfiBrlge Sus- 
55 pension oder waBrige isotonische Ldsung welterhin ZinlOonen und/bder einen Puller umfaBt wie Acetat oder Citrat 
und/oder einen Konsen^ierungsstoff wie m-Krssol. Methylparaben oder Phenol. 

21. Pharmazeutische Zusammensetzung nach Anspmch 14, wobei die pharmazeutische Zusammensetzung mehr 
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als Bin Insulin-Analogss umfaBt. 

22. PharmazBUtiacheZusammanseteungnachAnspruch u.t^beidiepharmazautischeZusammenaetzungfflreina 
mutosale odertranskutane Verabrofchung totmullert W. 

23. PharmazeutischeZusammensetzunonachAnspruch u. wobeidlepharmazeutischeZuaamfnensetzunglOrelne 
peremerale Vdrabreichung tormuliert ist. 

24. Pharmazeudsche Zuaammensetzung nach Anspruch 1 4, wobel Xg ausgewdhit ist aus der Gruppa. beatehend aus 
jadar tjallebigan. natflrlich vorioimmanden Aminosaure mit Ausnahme von Pro. 

25. PharmazeutischeZusammensatzungnach An8pruch14odar24.wobalYi und/odarYaausgawahitsindauader 
Gruppe. bestehend au5 jeder natOrileh worlajmmendan Aminosaure mil Ausnahme von Asa 

26. PharmazeutischB Zuaammenselzung nach Anspruch 14. wobei 

X. ausaewahlt ist aus der Gruppe, boatahand aus Phe, Ala, His, Thr, Ser. Asn oder Tyr; 

2 ausgewahlt ist aus der Gruppe. baatahend aua Tyr, "mr. Glu, Asp. Ala. iHte, Ser Oder Phe; 

Z ausgewahlt Ist aus der Gruppe. bestehend aua Pro. Glu. Asp, Ser. THr Oder His; 

5t ausaewahit ist aus der Gruppe. beetehend aus lys. Thr, Ser. Ala. Asp Oder Glu; ^ 

S alSeS S Z der QrupTe. bastehand aus Thr<JH. SarOH, Ala-OH. Aa^H. Glu-OH oder <3H. oder 

Xs und X. biWen zusammen die C4erminale Hydroxygruppe; 

Y, auagawahit Ist aus der Gruppe, bestehend aus Asn, Asp. Gty. Ser. Glu oder Ala und 

Ya auagewahtl isl aus der Gruppe. bsatahend aus Asn. Gin. Glu oder Asp. 

27. Pharmazeutlsche Zusammenseteung nach Anapfuch 14. wobei 

X ftusaawahit ist aus der Gruppe, bestehend aus Phe, Ala, His. Thr, Ser. Asn Oder lyr; 

£ alSShtt S ^s Z GrupS bestehend aus Tyr, Thr. Glu. Asp. Ate. H«. Serodar Phe; 

2, ausgewfihit Ist aus der Gruppe, bestehend aus Pro, Glu. Asp, Ser. Thr oder His; 

Xg ausgewahlt Ist aus der Gruppe. bestehend aus Ur». Thr. Ser. Ala. Asp oder Glu; 

Xa *0H ist* 

y! ausgeviahn isl aus der Qnippe, bestehend aus Asn. Asp. Gly. Ser. Glu Oder Ala und 

Ya ausgewahlt isl aus dar Gmppe. beatehend aus Asn. Gh. Glu oder Aap. 

2a Pharmazeulisohe Zusammansetzung nach Anspruch 14. wobei 

Y auaoewahtt let aua der Giuppe. bestehend aua Phe. Ala His, Thr. Ser. Asn oder Tyr; 

£ SJSSI S der G-uSS. bestehend aus lyr. Thr. Glu. Asp. Ala, Hfe. Ser ode, Ph.; 

Z ausgewahlt ist aus der Gruppe, bestehend aus Pro. Glu. Asp. Ser. Thr oder His; 

XsundXg zusammen die C-torminaieHydrfflcygnjppebilden; ^. « _ .....^ 

Y ausgewahlt Ist aus der Qnjppe, beatehend aus Asn, Asp, QV. Qlu, Ser oder Ala und 
Yj ausgewahK ist aua der Qnjppe, bestehend aus Asn. Qln. Qlu oder Asp. 

29. PhamiazeudscheZusarmiensatzuno nach Anspruch 1'^«*«'Xi«^«Wi>^TVf'«:>^J>'f "f-^.^ 

OlTisi; Y, ausgewahlt ist aus der Gruppa. bestehend aus Asa Asp. Ser oder Gly und Yj ausgewahlt ist aua dar 

Gruppe, bestehend aus Asn. Gin, Asp oder Glu. 

3a Phamazeutische Zusammansetzung nach Anspruch 14, wobei X, Tyr ist; X^TTir ist; X3 Pro ist; J: Xs "O" 
STYiTusgewahlt ist aua der Gruppe. bealeherKl aus Asn. Asp. Ser Oder GV und Y^ ausgewdhtt let aus der 
Gmppe. bestehend aua Asn, Gin. Asp odar Glu. 

31. Phamiazsutische Zusammenselzung nach Anspmch 14. wobei X, Phe irt; X^ Thr ist; X9 P~ i^t Xg 
OHIst; Y, ausgewahitlstausderQruppe,be8tehendausAan.A8p.SeroderGlyundY,au8oewahlti9tau9der 

Gruppe, bestehend aus Asn, Gin. Asp oder Glu. 

32. PharniazeudscheZusammensalzunQ nach Anspruch 14, wobeiX, P^^W; Wl«: Y~'^'^.3Tl'S=Ji^" 
isJTausgswahlt ist aua dar Gruppe. bastehand aus Aan. Aap. Sar odar Gly und Yj ausgewahlt »t aua dar 
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Gruppa, bastehend aus Asn, Gin. Asp oder Glu. 

33. PharmazsutischB Zusafwnanselzung nach Anspiuch 14. wobei die Amino84ure X, kains Udung basftzt und ain 
Kohlenstottetom in der Gamma-Position beslta. das 8p24Tybrtdl8left Ist und Xe -OH iaL 

* 34. Phamwzeudscha Zusammensateung nach Anapnich 33, wobei Y, und Yj ausgewShlt 8ind aus der Gruppe, be- 
stehend aus jeder beliebigen natOrlich vorkommenden AminosSure mit Auanahme von Asn und >fe ausgewdhlt rat 
aus dar Gmppa, bestehand aus jadar beliebigen nalflriich vorirammenden Aminosaura mH Auanahme von Thr. 

10 as. Phamiazeutisoha Zusammanseteung nach Anspnjch 33, vwteei Xg und zusamman -OH bikJen. 

36L Variahran zur Haretallung ainas Analogen von manachllcham Insulin mit der tolgandan Formal: 



IS 

A-Kette S — f 

v-Ue-Val-Giu-Glr.-Cys -Cys-rr.r-Sar-ILe-Cys-Ssr- 
■■ : ■ 2 3 4 5 e 1 8 9 10 II 12 
« - S 

I 

B-Kette S 

as K-rr.a-Val-V?-GIn-Sis-Leu-Cys-Gly-S«r-His-Leu-val 
1 2 3" 4 5 6 7 8 5 la 11 12 

A-Ketie (Fbrtsetzung) 

» 13 14 13 16 17 13 19 20 21 

Le--Tyc-Glr.-Leu-Glu-Asr.-Tyr-Cys-Yi-OH 

( 

B-Keite (Fortsctzung) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 13 15 17 18 19 2Q 21 22 23 *4 

40 

3 -Chain (coned.) 

X1-X2-X3-X4-X5-X6 
2S 26 27 28 29 30 

wobei X,, Xg, Xa. Yt und |ede belleblge, natOrllch vorkommende Aminosaura sind; X4 Lys cxJer Arg ist; 
ausgewahit ist aus der Gnjppe, bestehend aus jeder beliebigen. nalOrllch vortommenden Aminosaura mit Aue- 
nahme von Pro; und Xb jade bellebige natOrtlch vortommende Aminosaure isl, die die C4erminale Hydroxygruppe 
so tragt Oder -OH Oder Xg und Xe zusammen die C-termlnale Hydroxygruppe blWen. wobei eine DNA-Sequenz, die 
sin VorfeufermolekOI des Insulin-Analogen kodiert, in en geelgnetes Hefe-expreestens-Vbhikel insertiert ist. das, 
wenn os in Hef e OberiOhn wird. In der Lage ist, den Nforifiufer des Insuim-Analogen zu exprlmleren und zu sekre- 
tieren, in dem [LysB^si. [ArgB20], [LyaB^S] oder [ArgP^fi] mit GlyAi verbunden ist durch eine Peptldbindung oder em 
Peptid derFormellll 
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wobBi fl eine Peptidkatle ist mit n Aminosaureresten. n eine ganze Zahl von 0 bis 33 und R(1) Hfs oder Aig 
tuimedium wiedBtgevwnnen und mH einar Aminwerbindung dar Formal IV 

umaesem wird. wobei Q ein einzelner Afninosflurereal Ist und H' eine Carbexy-Schuttgruppe wie Mattiyl Oder 
SSiuST^run eT^rwendung von Trypsr oder einem Trypsin-artigan Enzym als Kalajysalor 'n emem Gam«ch 
10 ^ vir und organischan Losungsmittaln. woraufhin die Carboxy^uUgruppe antfamt mrd und das 
^JitooHIictemSwionsgemiachlw^^ 

JSS^re StTs odarArg ist. «obai dar Vtorlaufar ains BrOcka aus einam ainzalnen Paar von bas^ehan 
i^^JlTusgewahlt au8 der Gruppe. bestahand au. und Arg. «*«^andem 
bSIiS^soliart vZan kann und dann durch enzymalischa Bahandlung untsr Vbn«endung von Trypam odar Car- 
ie boxypeptldaso B In das Insulln-Anatoge umgewandelt warden kann. 

37. Verlahren zur Herslellung ainas Anatogen von manschlicham Insulin mit der tolganden Formafc 



:-;-C-lv-:i«-Vil-Glu-Gir.-Cys-Cys-Thr-3«r-:i2-:y 
1 * 2 3 4 5 5 [5 9 i: 11 12 

5 

I 

B-Kette S 

I 

:-:-?h5-V2l-Y?-3l--r:i.s-Leu-Cy3-Gly-32r-r:is-'-.e--Va: 
1 2 3~ 4 5 6 7 8 9 i: li 12 

A-Kecte <Fometzung) 

13 L4 13 U 17 L3 19 i: 21 
3s Leu-Tyr-Glr.-Leu-Glu-Asr.-Tyr-Cys-Vi-OK 



B-Kette (Fortsetzung) S 



40 I 

Glu-Al3-Leu-Tvr-Leu-VaL-Cy3-31y-c;iu-Arg-v.-ly-?t'-3- 
13 14 15 16 17 13 19 2: 21 22 23 24 



3 -Cr.a Lr. ; coned . ) 

45 

Xi-X2-X3-X4-X5-X6 
25 25 27 29 29 30 



50 



wobei X, Xo X, Y, und Yfl lede belleblge. natOrllch vorkommende Amlnosiure sind; X4 Lys oder Arg isc 
auwevSiitttet Vus der Qtufie. bestehend aus jeder beUeblgen. nalOrilch vorkommenden Aminosfiure mit Aus- 
pifu^ Xe jada bSisbiga natfldk*, vorkDn«»nda Aminosiur. ist. diadia C-tenn.nala ^^™;wniW« 
tS" Oder <DH oder )CVnd X, zusammen dte Wermlnale Hydraxygruppe bIWen. i«*el "wns^^es Des 
StSniSulin hargltalH v^rt durch Bahand-ln ainas Insulin, mft trypsin u,itBrA»»^^^^^^^^^ 
Ammosauren. das gewOnschte Peptid von sechs bis achl Aminosauren synthetleiert witd. das «8"«f 
an menschnches De8(B23-B30)-lnsulin gakoppalt wird und das resulliarande Insulin-Analoga aus dam HeaWions- 
gamisch isoliart wird. 
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3a Verwandung sinar Vsibindung nach siram dar Anspritchs 1 bis 13 zur Hsretellung eines Medikaments zut Vbr- 
wendung bel der Behandhing von Diabetes. 



Patentansprflehfl f Or foigsnden VsrtragMtaal : ES 

1. Verlahren zur Herstellung eines Analogen von menschlichem Insulin mit der tolgenden Formel: 



A-Kettt s ■ 

I 7 I 
K-Gly-rie-val-Glu-Gln-Cys-Cij's-rr.r-Ser-rie-Cys-Sar- 
1- 2 3 4 5 S I 6 9 10 li 15 

S 

B-Kene s 

I 

K-rr.e-Val-Y2-GIii-Hxs-Leu-Cys-Giy-S3r-h-is-Le*>:-Val 
I 2 3 4 5 6 7 a 9 10 11 12 

A-Kene (Fbrtsetzung) 

13 14 13 16 17 13 19 20 21 
Leu-Tyr-Glr.-Leu-Glu-A3.i-Tyr-Cys-:i -OK 

I 

B-Keite (Fortsctzung) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Glv-GLu-^g-Giy-Phe- 
13 14 15 16 17 18 19 2:j' 21 22 23 24 

B -Chain (coatd.) 

X1-X2-X3-X4-XS-X6 
25 26 27 28 29 30 



wobei X,, Xg, Xg, und Yg jede beliebige, natQrIlch vorkommenda Aminosaure sind; X4 Lya oder Arg ist; Xg 
ausgewdhit ist aus der Qruppe, bestehend aud Joder belleblgen. natOrllch vorfcommenden AmInosAure mIt Aua- 
nahme von Pro; und Xs Jede beliebige natOriich vortommende Aminosaure Ist, die die C-temolnala Hydroxygruppe 
tragt, Oder -OH oder )4 und }(^ zueammen die C-temiinale Hydroxygruppe bilden. wobei eine DNA-Sequenz. die 
ein VbrBufemiolekOI des Insulln-Analogen i«)dlen. In ein geelgnetes Hefe-Expressions-Vehlkei insertlert ist. das, 
wann es in Heie Qberf Ohrt wird, in der L^ge ist, den \forlaufar dee insulin-Analogen zu exprimieren und zu sekre- 
tieren. h dem [LysBzej. [Atg^% [Lys^ oder [ArgB29] mit Qly^i verbunden Istdurch eine PeptidbMung oder ein 
Peptid der Fomnel Hi 



.R(n)-R{1)- 

wobei R eine Peplldlcette mit n AminosaurerBsten, n eine ^ze Zahl von 0 bis 33 und R(1 ) Lys oder Arg ist. der 
transformierto Hefcstamm (n elnem geoigneten Nahrmedium gezOchtet wIrd, und der Vbrtfiufer aus dem Kultur- 
medium wiedergewonnan und mit einsr Aminovarbindung der Formel IV 



37 



EP0375437B1 

umgasetzt wird. wobei Q ein einzelner Aminosaurerest ist und R" eine Carboxy-Schutzgruppa wis Mslhyl odar 
tert-Butyl Ist, unter Varwendung von Trypsin Oder einem Tiypsln-artlgen Enzym ais Katalysator In einem Qemlsch 
von W&sser und or^nlschen Losungsmittsln. woraufhin die Carboxy-Schutzgruppe entfemt wild und das tnsulri- 
Anabge aus dem Reaktbnsgemisch Isoilert wird. Oder 
s ein Vorlauler eines Insulin-Anaiogan, in dem die C-terminale Aminosaure nicht Lysoder Arg ist. wobei der Voriaufer 

eine BrOcke aus einem einzelnen Paar von basischen Aminosfiuren. ausgewahit aus der Qruppe, bestehend aus 
Lys und Arg. zwiachen dem C-temninalen und Gly^^ besitzt. Isoilert werden kann und dann durch enzymatlsche 
Behandlung unter \fenwondung von Trypsin oder Carboxypeptfclase B in das Insulin-Anatege umgewandelt werden 
kann. 

to 

2. Vertahren zur Herstellung eines Anatogen von menschllchem Insulin mtt der tolgenden Fomiel: 



A*Kette S S 

I 7 I 
K-GLy-Ile-Val-GLu-Gin-Cy3-Cv5-Thr-Sar-Iie-Cy5-S2r 
L 2 3 4 5 6 1 8 9 LO li 12 

S 

^ B-Kette s 

I 

K-rhe-Val-Y2-Gln-Kis-Leu-Cys-Gly-Ser-HiS"Leu-VaI 
123456789 10 IX 12 



25 



30 
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A-Kette (Fbrtsetzung) 

13 14 13 16 17 13 19 20 21 
Leu-Tyr-Glr.-Leu-Glu-PLsa-Tyr-Cy3-Yi-0K 

I 

-5 



B-KcKc (Fortsetzung) s 

Glu-Ala-Leu-Tyr-Leu-Val-cys-Glv-Glu-Arg-GIy-?he- 
13 14 15 16 17 18 19 1'/ 21 22 23 24 

B -Chair, (coned.) 

Xl-X2-X3-:<4-3C5-^o 
25 26 27 29 29 30 



48 wobel Xi. Xg, Xg, Yi und )ede belleblge, natOrllch vorkommende Aminosaure sind; X4 Lye oder Arg 1st; Xs 
ausgewahit Ist aus dor Gruppe. beetehend aus jeder belieblgen, natflrlich vorkommendan Aminosaure mit Aus* 
nahme von Pro; und Xe Jede belleblge natOrllch vorkDmmende Aminosiure ist, die die C-temilnale Hydroxygruppe 
tragt, Oder -OH oder und X^ zusammen die C-lemiinale Hydroxygmppe bilden, wobel menschliches Des 
(B23-Ba))-lnsulln hergestellt wird durch Behandein eines Insulins mit Trypsin unter Abspaftung der (823-830)- 

so Aminosfiuren, das gewflnschte Peptid von sechs bis acM Aminosauren synthetlslert wild, das resultierende PeptkJ 
an menschliches De8(B23-B30)-ln8ulin gekoppelt wild und das resultierende Insulln-Analoge aus dem Reaktlons- 
gemlsch Isoilert wird. 

3. Verlahren nach Anspruch 1 oder 2, wobel und/oder Y2 ausgewahit sInd aus der Qruppe, bestehend aus Jeder 
66 belieblgen. natOrllch vorKommenden Aminosaure mil Ausnahme von Asn. 

4. Verlahren nach Anspruch 1 Oder 2, wobel 
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ausgowahlt ist aus der Gruppe, bestehand au8 Phe, Ala, His, Thr, Ser, Asn odsr Tyr; 
X2 ausgewfihit tet aus der Gruppo, bestehend aus TV^. "I^^- Q'^- Asp, Ala, His, Ser odor Phe; 
X3 ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr odsr His; 
Xg ausgewflhit tet aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp Oder Glu; 
5 ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Ser^. Aia-OH. Asp-OH, Glu-OH oder OH. oder 

Xg und Xe zusammen die C-termlnale Hydroxygruppe bllden; 
Yi ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Ser. Glu Oder Ala und 

ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

w 5. Verfahren nach Anspruch 1 oder 2. wobei 

ausgewahit ist aus der Gmppe, bestehend aus Phe. Ala. His, Thr, Ser. Asn oder Tyr; 
ausgewahit ist aus der Gruppe, bestehend aus Tyr. Thr, Glu. Asp. Ala. His, Ser oder Phe; 
ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu. Asp. Ser, Thr oder His; 
ausgewahit ist aus der Gmppe, beetehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 
-OH tet; 

ausgewahit ist aus der Gnjppe, bestehend aus Asn, Asp. Gly. Ser. Glu oder Ala und 
ausgewahit tet aus der Gruppe, bestehend aus Asn, Qkn, Glu oder Asp. 

^ 6. Verfahren nach Anspruch 1 oder 2, wobei 

ausgewahit ist aus der Gmppe, bestehend aus Phe, Ala. His. Thr, Ser. Asn oder Tyr; 
ausgewShIt tet aus der Gmppe. bestehend aus lyr. Thr, Glu. Asp. Ala, Hte, Ser oder Phe; 
ausgewahit ist aus der Gmppe. bestehend aus Pro. Glu, Asp, Ser. Thr odsr His; 
zusammen die C4enninale Hydroxygmppe bildsn; 

ausgewahit Ist aus der Gmppe, bestehend aus Asn, Asp, Gly, Glu. Ser oder Ala und 
ausgewahit ist aus der Gmppe, bestehend aus Asn. Gin. Glu oder Asp. 

7. Verfahren nach Anspruch 1 oder 2, wobei 
30 X, Phe tet; )^ TVr tet; Xs Thr tet; Xg Lys ist; Xg Thr-OH tet; Y, ausgewahit Ist aus der Gmppe. bestehend aus Asn, 
Asp. Ser oder Gly und Yg ausgewShIt Ist aus der Gmppe, bestehend aus Asn, Qln, Asp Oder Glu. 

a verfahren nach Anspruch 1 oder 2. wobei X^ Tyr tet; X^ Thr tet; Xg Pro ist; Xg Thr tet; Xg -OH tet; Y^ ausgewahit 
ist aus dor Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit ist aus der Gruppe, bestehend aus 
SB Asn. Qln, Asp Oder Glu. 

9. Verfahren nach Anspmch 1 odor 2, wobei X, Phe tet; Xg Thr ist; Xg Pro tet; Xg Thr ist; X, -OH tet; Y, ausgewahit 
ist aus der Gruppe. bestehend aus Asn. Asp. Ser Oder Gly und Yg ausgewahit Ist aus der Gruppo. bestehend aus 
Asn. Gin, Asp oder Glu. 

40 

ia Verfahren nach Anspmch 1 odor 2. wobei X, Phe tet; Xg Tyr tet; X3 Pro tet; Xg Thr tet; Xg OH ist; Y, ausgewahit 
ist aus der Gruppo, bestehend aus Asn, Asp, Ser Oder Gly und Yg ausgewahit Ist aus dor Gruppo. bestehend aus 
Asn, Gin, Asp Oder Qlu. 

4S 11 . Verfahren nach Anspmch 1 oder 2, wobei dte AmlnosSure X^ kelne Ladung bositzt und oh Kohtenstoflatom In der 
Gamma-Position bositzt. das sp^-hybridteiort ist und X;^ -OH ist. 

12. Verfahren nach Anspruch 11 . wobei Y^ und Yg ausgewahit sind aus der Gruppe, bestehend aus jedor beitebigen 
natQrIich vorlcommonden Amhosfiuro mil Ausnahmo von Asn und Xjj ausgowahlt tet aus dor Gmppo, bestehend 
so aus loder bollebigon natOrllch vorkommondon Aminosaure mil Ausnahmo von Thr und Pro. 

10. Verfahren nach Anspruch 11 , wobei X^ und Xg zusammen OH bllden. 

14 Vbrfahren zur Hofsteliung oiner pharmazeutlschen Zusammensetzung. umfassend das Formulteren eines Analo- 
66 gen von menochllchem insulin, horgosteilt durch das Verfahren nach einom dor AnsprOcho 1 bte 13 odor eInes 
pharmazeutisch vsrtragiichon Salzes davon mit einom pharmazouttech vortragiichan Trager. 

IS. Verfahren nach Anspruch 14, wobei das Insulin-Analoge eino geringe Loslichlcoit bei pH 7,3 aufwatet. 



28 XgundXg 
Y2 
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ia Verfahran nach Anspruch 15, wobei das Insulln-Analoge im wesentlichen monomer ist. 

17. Varfahren nach Anspruch 14, wobei die pharmazeutischo Zusammenselzung als eine waBrige Losung formuliert 
ist 

5 

ia Verlahren nach Anspruch 14. wobei die pharmazeutlsche Zi«ammens©tzung ais eine waorige Suspension lor- 
muliert ist. 

19. Verfahren nach Anspruch 14. wobei der pharmazeutisch vertragliche Triiger etne wflBrige isoionische Lfisung ist. 

10 

20. Verfahren nach Anspruch 17. 19 Oder 19. wobei die waBrigel-6sung.waflrige Suspension Oder wSBrige isoionische 
Losung wertorhn Zinicionen und/odor ainan Puffer umfaBt wia Acatal oder Cittat und/odar ainen Konsewianjngs- 
stofl wia m-Krasol. IWIethylparaben oder Phenol. 

IS 21. Verfahran nach Anspnjch 14. wobei die pharmazeutische Zusammensetzung mahr als ain Insulin^alogas urn- 
fal3t. 

22. Verfahren nach Anspruch 14, wobei die pharmazeutlache Zusammensetzung fOr eine mulcosale oder transkutane 
Verabreichungfonnullert ist 

20 

23. Verfahren nach Anspnx^i 14, wobei die pharmazeutlsche Zusammensetzung f Or eine parenterale \ferabreichung 
formuiiart ist. 

24 Vamvandung ainar Varbindung, die durch das Vbrfahren nach ainam dar Ansprlicha 1 bis 13 hargestaitt wurda. 
25 zur Harstellung eines Medilcamants zur Vanwendung bai der Behandlung von Diabalae. 



Patmtanepriiohe IQr folgendan ViMlragMttut : OR 

30 1. Analoge von menschllchem Insulin, gekennzelchnet dadurch. daB sie einen positiv geladenen Aminosau rarest, 
d.h. Lys Oder Arg. an Position B28 besltzen, d.h. in Position 8 In der B-Kette, gerechnst von lQlyB»]. daB sie 
wahlweisa zusatzlich in dam C-tarminaian Ende dar B-Katte von [PhsB24] bis zu dem C-tarminalen Aminosaurarast 
modifiziert slnd, mit der MaBgabe, daB sich kein Pro in Positton B29 beflndet, und daB wahlweise A21 undfoder 
BSnicht Asn sind. 

36 

2. Anatoge von menschllchem insulii, dadurch gakannzaiehnet, daB sie die folgende Fomiei besitzen: 
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A-Kette 



•s 




S 



■Cys~ 
6 



7 

Cys 




•Sar 
9 



Il3-Cvs-Sar- 
10 :1 12 



S 



B-Kette 



S 



K-?"r.e-VaI-'r7-Gln-His-Leu-Cys-Gly-Ser-Kis-Leu-VaI 
1 2 3* 4 5 6 7 8 9 iO LI 12 

A-Kette (Fortsctzung) 

13 14 13 LS 17 13 19 20 21 
Leu-Tyc-Glr.-Leu-Glu-Asr.-7yr-Cys'Vi-0H 



Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Giu-Arg-Giy-Phe- 
13 14 13 16 17 18 19 20 21 22 23 24 

B-C'r.air. (contd. ) 
25 26 27 2a 29 30 



wobai X,, X2. X3. Yt und jade beliebiga, naturiich vorkommende Aminosaure eind; X4 Lys oder Arg ist; Xg 
ausgewahlt 1st aus der Qruppe, bastehend aus Jedor belleblgen. natflrlich vorlcommenden Aminosdure mit Au8- 
nahme von Pro; und X^ jede beliebiga natOriich vorkommende Aminosaure ist, die die C4erminale Hydroxygmppe 
tragt. Oder -OH oder Xg und X^ zusammon die C-teimrale Hydraxygruppe bilden. 

Analoge von menschlichem Insulin nach Anspruch 2. wobei Y, und/ oder Yg ausgewahlt sind aus der Gmppe. 
bestehend aus jader baliablgen, natOriich vorkommenden Aminosaure mit Ausnahme von Asn. 

Analoge von menschlichem Insulin nach Anspruch 2. wobel 

X^ ausgewahit ist aus der Gmppe, beetahand aua Phe, Ala, His, Thr. Ser, Asn oder Tyr; 
X2 ausgewahit ist aus der Qruppe, baatehend aus lyn Thr, Qlu. Asp, Ala, His, Ser oder Phe; 
Xs ausgewahH ist aus der Gruppa, beetahand aus Pro. Glu, Asp, Ser, Thr oder His; 
X5 ausgewfihit tet aus der Qruppe, bastehend aus Lya, Thr, Ser, Ala, Asp Oder Glu; 

Xg ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Ser-OH, Aia-OH, Asp-OH, Glu-OH oder -OH, oder 

Xg und Xe zusammen die C-tenminale Hydroxygmppe bilden; 
Y-i ausgawfihtt Ist aus der Gmppe, bestehend aus Asn, Asp, Gly. Ser, Glu oder Ala und 
Y2 ausgewahit ist aus der Gmppe, bestehend aus Asn, Gin. Glu odar Asp. 

Analogs von menschlichem Insulin nach Anspruch 2, wobei 

Xi ausgew^lt Ist aus der Gmppe, bestehend aus Phe, Ala, His, Thr, Ser, Asn oder lyr; 
X2 ausgewahit ist aus der Gmppe. bestehend aus Tyr. Thr. Glu, Asp, Ala, His, Sar oder Phe; 
X3 ausgawdhit Ist aus der Gmppe, bestehand aus Pro, Glu, Asp. Ser, Thr oder His; 
X5 ausgewahit ist aus der Gmppe, baetehend aus Lys, Thr, Ser, Ala, Asp odar Glu; 




B-Kctte (Fortsctzung) 



S 
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Xe -OHist; 

ausgewdhit Ist aus der Qruppe. bestehend bus Asn, Asp, Qly, Ser. Qlu Oder Ala und 
Y2 ausgawahit ist aus der Gruppe, bastehand aus Asn, Gin, Glu oder Asp. 

5 6. Analoge von menschlicham Insulin nach Anspruch 2, wobei 

Xi ausgewahit ist aus der Qruppe, bestehend aus Phe, Ala, His. Thr, Ser, Asn Oder Tyr; 

X2 ausgewahit Ist aus der Gruppe, bestehend aus Tyr. Thr, Glu, Asp. Ala, His, Ser oder Phe; 

Xs ausgewahit ist aus der Gruppe. bestehend aus Pro, Qlu, Asp, Ser, Thr Oder His; 

10 Xg und Xe zusammen die C-terminala Hydroxygmppe bliden; 

ausgewShIt ist aus der Qruppe, bestehend aus Asn, Asp, Qly, Glu. Ser oder Ala und 
Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

7. Analoge von menschltehem Insulin nach Anspruch 2, wobei X, Phe Ist; Xg Tyr ist; Xq Thr ist; Xe Lys ist; Xe Thr- 
iB OH ist; Yi ausgewahit ist aus der Gruppe. bestehend aus Asn, Asp. Ser oder Gly und Y2 ausgewahit ist aus der 

Gmppe, bestehend aus Asn, Gin. Asp Oder Qlu. 

8. Analoge von menschlichem insulin nach Anspruch 2. wobel X, Tyr ist; Xg Thr ist; X3 Pro Ist; Xg Thr Ist; Xe -OH ist; 
Yi ausgewihit ist aus der Qruppe, bestehend aus Asn. Asp, Ser Oder Qiy und Yg ausgewahit ist aus der Qruppe, 

20 bestehend aus Asn. Gin. Asp oder Glu. 

9. Analoge von menschlichem insulin nach Anspruch 2. wobei X, Phe ist; Xg Thr ist; Pro ist; Xg Thr ist; Xe -OH 
Ist; Yt ausgewahit ist aus der Qruppe, bestehend aus Asn, Asp, Ser oder Qly und Yg ausgewfihit ist aus der 
Gmppe, bestehend aus Asn. Gin, Asp oder Glu. 

2S 

10. Analogs von menschlichem Insulin nach Anspruch 2, wobel X, Phe Ist; Xg Tyr ist; Xa Pro ist; Xe Thr ist; Xg -OH 
ist; Yi ausgewahit ist aus der Gruppe. bestehend aus Asn, Asp. Bar oder Gly und Yg ausgewahit ist aus der 
Qnjppe. beetehend aus Asn, Qln, Asp oder Qlu. 

30 11. Analoge von menschlichem Insulin nach Anspruch 2, wobel die Aminosfiure X, Iceine Ladung besitzt und ein 
Kohlenstoffatom in der Qamma-Posltion besitzt. das sp^-hybridlsiert ist und Xe -OH ist. 

^Z Analoge von menschlichem Insulin nach Anspruch 11 . wobei Y^ und Yg ausgewfihit sind aus der Qruppe. beste- 
hend aus jeder beiiebigen natOriich voricommenden Aminosaure mrt Ausnahme von Asn und ausgewahit ist 
3B aus der Qnjppe, bestehend aus Jeder beiiebigen natOrlich vorkommenden Aminos&ure mit Ausnahme von Thr und 

Pro. 

13. Analoge von menschlichem Insulin nach Anspruch 11, wobei Xs und Xe zusammen -OH bliden. 
40 ^A, V^rfahren zur Hersteliung eines Analogen von menschlichem Insulin mit der lolgenden Formel: 
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20 



26 



SO 



A'Kecte S S 

( 7 1 
K-Giv-Iie-".'al-GLu-Gir»-Cys-Cys-7hr-3er-ILe-Cy5-Sar- 

1* 2 3 4 5 6 1 8 9 10 11 12 

S 

I 

B-Kette S 

I 

i;_=--4-Val-Y7-GLr.-Kis-Leu-Cys-Gly-Sar-His-Leu-VaI 
1 2 3" 4 5 6 7 3 S 10 11 12 

A-Kette (Fonseizung) 

13 14 15 16 17 13 19 20 21 
Lau-Tvc-Glr.-Leu-Giu-Asn-Tyr-Cys-Yi-OK 

1 

j s 

B-Kettc (Fortsetzung) S 

G-u-Ala-Leu-Tyr-Leu-Vai-Cys-Gly-Glu-Arg-Giy-Phe- 
13 14 L5 16 17 18 19 20 21 22 23 24 

S -Chain (contd.) 



» 25 26 27 28 29 30 

wobei Xi. Xg, X3, Yi und Y2 lede beliebige. natOrlich voriwmmende Aminosaure aind: X4 Lys Oder Arg ist; Xs 
ausgswahit ist au6 der Gruppe, bestehend aus jadar beliabigan, natOrlich vortommarKlen Aminoaaure mit Aua- 

3B nahme von Pro; und Xg jede beliebige natOrlich vorkommende Aminosaure Ist. die die C-termlnala Hydrocygruppa 
tragt, oder -OH odar Xg und X^ zusamman die C-terminala Hydroxygruppe biWen. wobai aina DNA-Sequanz. die 
6in Vbriaufermolalcfli das Ineulin-Analogan kodiert, in ain gaaignataa Hata-exprassions-Vah ileal Insertiart ist, das, 
wenn as In Hate ObertOhrt wird, In der Laga Ist. den \foriaufer daa InsuHn-Analogen zu exprlmlaren und zu aekre- 
tiaran, fi dam [Lyatf*], [Arg^, [Ly8«»] odar [Arg»9] mit Gly^^ verbunden iat dureh aina Paptidbndung oder am 

40 Peptidder Formellll 

-R(n)-R{1)- 

4S wobai R aina Paptidketta mit n Aminosaurarastan, n aina ganza Zahl von 0 bis 33 und R{1 ) Lys odar Arg ist, der 
transformiarte Hefestamm in ainam gaaignatan Nahrmadium gazQchtet wird, und der VDriaufar aus dam Kultur- 
medium wiedergewonnen und mit einer Aminoverbindung der Formel IV 



CKaR" 



umgesatzt wird. wobei Q ain ainzalner Aminoaaurerest ist und R' eine Carbcay-Schutzgruppe Yvia Malhyl odar 
tert-Butyl Ist, unter Vbnwendung von Trypsin oder einem Trypsln-artlgen Enzym els Kiaialysator in elnem Qemlsch 
von Vtosser und organlschen Lbsungsmltteln, woraufhin die Carboxy-Schutzgruppe entfemt wird und das Insuim- 
55 Analogs aus dam Reaktionsgemisch isoiiart wird. odar 

ein Vbrftuler eines Insulln-Analogen, In demdie C-termlnale AminosSure nicht Lys oder Arg Ist. wobei der Vorliufer 
aina BrQcka aus ainam einzalnen Paar von basischsn Aminosauran, ausgewahlt aus der Gnjppe, bestehend aus 
Lys und Arg, zwischen dem C-terminalen und Qly*^ besftzt, teollert werden kann und dann durch enzymatlsche 
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Behandlung untar Vterwandung von Trypsii odsr Carboxypeptidase B in das Insulin-Anabga umgowandelt wsiden 
kann. 

15. Vertahren zur Herstellung einea Analogen von menschllchem Insulin mit der tolgenden Fornnel: 
A-Kene S 



I 7 I 
j.;-2?^y-Tie-VdL-Glu--Glr.-Cy3-CY3-Thr-Ser-ILe-Cy3-Sar- 
w 1 2 3 4 5 6 I S 9 10 11 12 

S 
I 



u^jhe-Val-Y^-Girt-His-Leu-'Cys-Gly-Ser-His-Leu-VaL 
1 2 3" 4 5 6 7 8 9 10 II 12 • 

A-Kcttc (Forisctzung) 

13 14 15 16 17 13 19 20 21 
Leu-Tvr-Glr.-Leu-Glu-Asa-Tyr-Cys-:i-OH 

i 

j 3 

B-Kctte (Fottsctzung) S 

G' u-Aia-Leu-Tyr-Leu-Val-Cys-Gly-'Glu-Arg-Giy-?he- 
15 14 15 IS 17 18 19 20 21 22 23 24 

S-Chain (coned, ) 

Xi-:v2-X3-X4-X5-X6 
oe 23 26 27 28 29 30 

wobel Xi. X2, Xg, Yi und jedo balleblge. nalOrtlch vorkommende Aminosaure sind; X4 Lys Oder Arg let; 
ausgewahlt ist aus dar Gmppe, bastehend aua jader batlabigen, nalflriich voftaxnmanden Aminosaura mil Aua- 

40 nahme von Pro; und Xe jcde belleblge natOrllch vorkammende Amlnosaure Ist, die die C^ermlnale Hydroxygruppe 
tragt, Oder -OH oder und zusammen die C-tenninale Hydroxygruppe bilden, wobei menschliches Dee 
(B23-B30)-ln8ulin hergestelH wird durch Behandeln eines Inaullns mIt Trypsin unter Abapallung der (823-830)- 
Aminoaauren, das gewOnschle Peptld von sechs bis acht Aminosauren synthetisiort wtfd. das resuitlerende Peptid 
an manschlichea Des-(B23-B30)lnBulin gekoppelt wild und das raaultierande Insuiin-Anatoge aua dem Reakdons- 

4S gemisch Isollen wird. 

le, Vertahren zur Herstellung einer pharmazeirtlschen Zusammensetzung. umftissend das Formulleren eInes Analo- 
gen von menschik:hem Insulin gemaB einem der AnsprOche 1 bis 13 odar einas pharmazautisch vartraglichen 
Salzes davon mit eriem phamnazeutisch vartraglichen Trager. 

so 

17. Verfahren nach Anspruch 16, wobei das Insulin-Anakage eine geringe Ldalichkait bei pH 7,3 aufweist. 

ia Vertahren nach Anspruch 17, wobei das Insulin-Anakjge im wesentlichen monomer ist. 

ss ift Vertahren nach Anspruch 1 6, wobei die pharmazeutlsche Zusammensetzung als eine wftBrige Lasung formuiiert 
ist 

2a Vertahren nach Anspruch 16, wobei die pharmazeutiache Zusammensetzung als eina waBrige Suapenston for- 
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muliert ist. 

21. Verfahren nach Anspruch 16, wobei dsr pharmazeutisch vertragliche Trager ana waBrigs tsotonischa Losung ist 

s 22. Verfahren nach Anspruch 1 9, 20 Oder 21 , wobei die waBrigs Losung, waBrige Suspension oder waBrige isotonische 
L6sung weiterhh Zinkknen und/oder etnen Puffer umfaBt wie Acetat Oder Citrat undAoder einen Kdnservlerungs- 
stoff wie m-Kresol. IVIethylparaben oder Phenol. 

23. Verfahren nach Anspruch 16, wobei die pharnrtazeuiische Zusammensetzung mehr ale ein InsulinnAnalogee urn- 
10 faBt. 

24. Verfahren nach Anspruch 16, wobei die pharmazeutische Zusammsnsetzung fQr sine mukosale oder transkutane 
Verabraichung formuliert ist 

IS 26. Verfahren nach Anspnxdi 16. wobei die pharmazeutische Zusammensetzung fQr sine parenterale Nferabrekshung 
fonmuliert ist 

26. VenA^ung einer Verblndung gemdB einem der AnsprOche 1 bis 13 zur Heretellung eines Medlkannenle zur V^r- 
wendung bel der Behandlung von Diabetes. 

20 

Revendicationa 



2S Revondicationa pour lea Etato eontractanla auivants : AT, BE, CH, DE, FR, OB, IT, U, LU, NL, 6E 

1. Ar>ak)gue8 d'insuline humaina, caiactdriste en ce qu'ils ont un rdskiu d'acide amind chargd positivement, c'est^- 
dire Lys ou Arg, h la position B28. c'est-d-dlre h la positkan 8 dans la chaTne B cak;ul6e h partir de [Qly^. qu'lis 
sont en optk)n de plus modlfite k i'axtrdmitd C-tanninala de la chaihe B da [PheB^i] au rdsMu d'ackto amind C- 

90 terminal, h la condition qu'II nV alt pas Pro & la Position B29, et qu'en option A21 ettou B3 eont difTdrents de Asn. 

2. Anak)gue8 insulins humaine, caractdrises sn oe qu'tis ont la fonnula : 
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Chaino A 

S S 

I 7 I 
H-Gly-Il«-Val-Glu-GXn-Cy»-Cys-Thr-Sor-Ilo-Cy8-S«r- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chalne B S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cy8-Gly-Ser-His-Leu-Val 
1234567 89 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 I 21 

I 

Chaintt B (0Uit«) S 

1 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chalne B (suite) 
X1-X2 -X3 -X4 -Xs -Xe 
25 26 27 28 29 30 

oCi X, , X^. X3, Yi et Y2 sonttout f6sidu d'acWe amln6 survenant naturellement, )Q «st Lys ou Arg, Xg est a^lectlonnd 
parmi ie groupe constttud lout rdsidu cf acido amind survenant naturellement h rexceptlon de Pro, et )^ eel tout 
residu d'acide amind sunfsnant naturellement portant la groupe hydroxyle, ou -OH, de I'extr^rtd C-temninale, ou 
4S X5 0! Xs tomiem ensemble le groupe hydroxyle de rextrdmlt6 C-termlnale. 

3. Analogues d'lnsuline humalne selon la revendlcatton 2, dans tesqueb et/ou Yg est sdlectlonnd parmI le groupe 
constitue delout rdsldu d'acrde amind survenant naturellement k i'exception de Asn. 

so 4. Analogues d'lnsuline humalne selon la revendicatlon 2. dane lesquels 

Xi est sdlectlonnd pamnl le groupe constltud de Phe, Ate, His, Thr, Ser, Asn ou Tyr. 

X2 est sdledionnd parmi le groupe constitud de Tyr, Thr, Glu, Asp. Ala, His. Ssrou Phe, 

Xg est sdledlonnd pamil le groupe constttu^ de Pro, Olu, Asp, Ser. Thr ou His. 

56 Xg est sdlectlonnd parmI le groupe constltud de Lys, TTir. Ser, Ala, Asp ou Glu. 

Xq est s6lectionnd parmi la groups constitud de Th rOH, Ser-OH, ^/la-OH, Asp-OH, Glu-OH ou -OH, ou )(£ et Kb 

torment ensemble le groupe hydroxyle de I'extrdmltd C-termlnale, 

Y^ est sdlectionnd parmi le groups constitud de Asn, Asp. Gly, Ser, Glu ou Ala et 
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Y2 est sdlactionnd parmi la groups constitud de Asn, Gh. Glu ou Asp. 



5. Analogues cfinsulins humaine selon ta revendication 2, dans lesquels 



10 



5 



Xi est sdlectionnd parmi le group© constitud de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

est s6leclionn6 parmi ie groupe constilu^ de Tyr, Thr, Glu. Asp, Ala, His. Ser ou Phe, 
X3 est s^ledionnd parmi le groupe constitud de Pro. Glu. Asp. Ser. Thr ou His. 
Xg est sdtectlonnd parmi le groupe consthud de Lys, Thr. Ser, Ala. Asp ou Glu. 
Xe est -OH, 

est sdleclionn^ parmi le groupe consthud de Asn. Asp. Gly, Ser. Glu ou Ala et 
Y2 est sdlectlonnd parmi le groupe constftud de Asn, Qln, Glu ou Asp. 



6. Analoguee tfinsuline humaine selon la revendication 2, dans lesquels 
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IS 



X, 
X3 



XgSt Xe 



Yi 



est sdlectlonnd parmi le groupe conetitud de Phe. Ala. His, Thr. Ser. Asn ou Tyr. 
est sdtectlcnnd parmi le groupe constltud de lyr, Thr, Glu, Asp. Ala. His. Ser ou Phe, 
est sdlectionnd parmi ie groupe constHud de Pro, Glu, Asp, Ser, Thr ou His. 
tomoent ensemble le gnxipe hydroxyle de la termlnalson C-termlnale, 
est sdlectlonnd parmi le groupe constltu6 de Asn, Asp, Gly, Glu. Ser ou Ala. et 
est sdlectionnd parmi la groupe constHud de Asn, Ghn. Glu ou Asp. 



7. Analogues d'insuline humaine eelon ta revendication 2. dans lesquels X^ est Phe, Xg est Tyr, X3 est Thr, X5 set 
Lys, Xq est ThrOH, Y^ est s^lectionnd parmi le groupe constttu^ de Asn, Asp, Ser ou Gly et Y2 est sdlectlonnd 
parmi le groupe constitud ds Asn, Gin, Asp ou Glu. 



8. Analogues d'Insuline humaine sebn la revendication 2, dans lesquels X| est Tyr, X2 est Thr, est Pro. Xe est 
Thr. Xe est -OH, Y^ est sdlsctionnd parmi le groupe constitud de Asn, Asp, Ser ou Gly et Y2 est sdlectionnd panmi 
le groupe constltud de Asn. Qln, Asp ou Glu. 

90 9. Analogues d'Insuline humaine selon la revendication 2, dans lesquels X, est Phe, X2 est Thr, X3 est Pro. X5 est 
Thr. Xe est -OH. Y^ est s6lectlonn6 parmi ie groupe constltud de Asn, Asp, Ser ou Gly et Y2 est s^lectlonn^ parmi 
le groupe constitu^ de Asn, Gin, Asp ou Giu. 

ia Analogues d'Insuline humaine selon la revendication 2. dans lesquels X| est Phe. X2 est Tyr. est Pro. Xg set 
3S Thr. Xe est -OH, Y^ est s61ectlonnd parmi le groupe constitud de Asn, Asp, Ser ou Giy et Y2 est sdlectlonnd parmi 
le groupe constitu^ de Asn, Gin, Asp ou Glu. 

11. Analogues d'Insuline hunnalne selon la revendication 2, dens lesquels ledit acUe amind X^ est non-charg6 et a un 
atome de cartione k la position gamma qui set hybrid^ par sp? et X^ est -OH. 



12. Analogues insulins humaine selon la revendication 11 , dans lesquels Y^ et Yg sont s^lectionnds parmi le groupe 
constitu6 de tout r^ldu d'aclde emln6 sun^enant naturellement h {'exception de Asn et )^ est s^lectionn^ parmi 
le groupe constltud de tout r^idu d'aclde amhd sun/enant naturellement d I'exception de Thr et Pro. 

4S 13. Analogues d'Insuline humaine selon la revendication 11 , dans lesquels et Xe forment ensemble -OH. 

14. Composition pharmaceutique comportant un analogue cflnsuline humaine ayant ia fomiuie suivante : Chalne A 
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36 



s 

t 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Sdr-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

Chaixie B S 



H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-S«r-His-Leu~Val 
IB 1 2 3 4 5 6 7 8 9 10 11 12 

Chaine A (suita) 

20 

20 Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys -Yi-OH 

13 14 15 16 17 IB 19 I 21 

I 

Chaina B (suita) S 

I 

Glu-Ala-Lau-Tyr-Lau-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
Xi-X2-X3-X4-X5-X< 
25 26 27 28 29 30 

oil X, Xs. Y, et Y,eontlout t6Mu d'ackJe amind suivenant naturellemertt, K, est Lys ou Arfl, Xg e« «6lectlontrt 
paml'tegroupa oonstituA detout tMdu tfacideamind suivenarrt naturellement k I'excaption de Pro. et Xe est tout 
40 r«sidu d'acide amin6 survenant nalurellement portant Is groupa hydroxyle. oo -OH. do reoMmM CHerminalo. oo 
X6etXefofmenlar»6n*lelegroup8hydiacyled9raxlrtmH4(>1armhaleou«^ 
pharmacaudquement et un support pouvani «ra accapt* pharmaceutlquement 

18. Composition pharmaoeutique salon b ravendlcation 14. dans laquolla ledit analogue cf Insulne pr^aeirta una laible 
« SOlubllM&pH7.3. 

1& composition pharmaceudque salon la ravendlcalion 15. dans laquelle Isdit analoguerf hsullne est essantlellement 
monomdriqua. 

so 17. composition pharmaceudque selon la revendicatlon 14. dans laquelle ladtte composition phamiaceutlque est tor- 
mulis sous la toima tf una solution aqueuss. 

ia Composition phamiacsuttqua salon la mwendication 14. dana laquslla laditecomposHion phamaoautique est tor- 
muMe sous lalonme d'une suspension aqueuse. 

" 19. Compo8itionpham«ceutiqu88alonlarevendication14.danslaquallal8dH8upportpouv«ntatraa«^ 
ceutlquement est une solution isotonlque, aqueuse. 
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2a Composition pharmacautique selon la rsvendication 17, 18 ou 19, dans laquslls lesdHes solution aqususa. sus- 
pension aqueuse ou solullon Isotonlquo aqueuse comportem de plus des Ions zinc ettou una solution tampon, 
telle qua de facdtata ou du citrate et/ou un agent de consewation tei que du m-crdsol, du p-hydroxyt>enzoate de 
mdthyle ou du phenol. 

21. Composition phamiaceutlque selon la revendlcatkan 14. dans laquelle ladile composition pharmaceutlque corn- 
pone plus de un analogue d'Insullne. 

22. Composition phamiaceutlque selon la revendlcatlon 1 4, dans laquelle ladrte composition phamiaceutique est tor- 
mulee pour une admin islration par muqueuss ou trar^utande. 

23. Composition phamnaceutique selon la revendication 14, dans laquelle une composition pharmacautique est for- 
mulae pour une administration parentdrale. 

24. Composition pharmacautique selon la revendication 14, dans laquelle ests^lectionnd parmi le groupe constitud 
de tout rdsldu d'&clde amind sun^enant naturellement & I'exceptlon de Pro. 

25. Composition phannaceuilque selon la revendlcatlon 14 ou 24. dans laquelle et/ou est sdlectlonnd permi le 
groupe constltud de tout r^ldu d'acide amind sun/enant naturellement h I'exceptlon de Asn. 

2a Composition phamiaceuiique selon la revendlcatlon 14. dans laquelle 

X, est sdtectlonnd pamii le groupe constltud de Phe, Ate, His. Thr, Ser. Asn ou Tyr, 

Xg est sdleclionnd panni le groupe constitud de Tyr, Thr. Glu, Asp, Ala, His. Ser ou Phe, 

X3 est sdlectionnd parnii le groupe constitud de Pro, Glu, Asp, Ser, Thr ou His, 

Xg est sdlectionnd pannI le groupe constitud de Lys, Thr. Ser. Ala. Asp ou Glu. 

Xe est sdlectionnd parmi le groupe constitud de ThrOH, Ser-OH, Ma-OH. Asp-OH, GIu-OH ou -OH, ou Xs at )(« 

tomient ensemble le groupe hydroxyle de I'extr6mlt6 C-termlnale, 

Y^ est sdlectionnd parmi le groupe conatitue da Asn. Asp, Gty, Ser, Glu ou Ala at 

Y2 est s6iectionn6 pamil le groupe constttud de Asn, Gh, Glu ou Asp. 

27. Composition pharmacautique selon la revendication 14. dans laquelle 

X, est sdlectionnd parmi le groupe constitud de Phe, Ala, Hie, Thr, Ser, Asn ou Tyr. 

X2 est sdlectionnd pamil le groupe constltud de lyr, Thr. Glu, Asp, Ala, His. Ser ou Phe. 

X^ est sdlectionnd parmi le groupe constitud de Pro, Glu, Asp, Ser, Thr ou His. 

Xg est 6dlectionn4 parmi le groupe conetitud de Lye. Thr. Ser. Ala, Asp ou Glu. 

Xg est -OH. 

Y^ est sdiectionnd panni ie groupe constilud de Asn, Asp, Gly. Ser. Glu ou Ala st 

Yg est sdlectlonnd pamni le groupe constttud de Asn, Gin, Glu ou Asp. 

2a Composition phamiaceuiique selon te revendlcatlon 14, dans laquelle 



X, est sdlectionnd parmi le groupe constitud de Phe, Ala. His, Thr, Ser, Asn ou Tyr, 

X2 est sdlectionnd parnil ie groupe constftud de lyr, Thr, Glu. Asp. Ala. His. Ser ou Phe, 

Xg est sdlectionnd pamni le groupe constitud de Pro. Glu. Asp. Ser. Thr ou His, 

Xb ot Xs fomnem ensemble le groupe hydroxyle de la termlnafeon C-temilnale, 

Y^ est 8dlectionn6 parmi le groupe oonetitud de Asn. Asp, Gly, Glu, Ser ou Ala, et 

Yg est sdlectionnd parmi le groupe conetitud de Asn. Gki. Glu ou Asp. 



20. Composition pharmacoutique selon te rovendrcalion 14, dans laquelle X, est Phe, Xg est Tyr. Xg est Thr, Xg est 
Lys, Xe est Thr-OH. Y, est s^lectionnd parmi le groupe constltu^ de Asn. Asp. Ser ou Gly et Yg est s6lectionnd 
panni le groupe constitud do Asn. Gin. Asp ou Glu. 

3a Composition phamiaceutique selon la revendication 14. dans laquelle X^ est Tyr. Xg est Thr, Xg est Pro. Xg est 
Thr, Xg est -OH, Y^ est sdlectionnd parmi le groupe constitud de Asn. Asp. Ser ou Gly et Y2 est sdlectionnd parmi 
le groupe constltud de Asn, Gin, Asp ou Glu. 
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31. Composition pharmaceutiqua sekxi ta revendlcation 14, dans laqueile X, est Phe, est Thr, X3 ast Pro. X5 ast 
Thr. Xs ©St -OH. est sdlectlonnd parmi te groupe constltud de Asn, Asp. Ser ou Qly et Yg est sdlectlcnnd parml 
le groupe constitud de Asn, Gin, Asp ou Glu. 

5 3Z Composition pharniacsutique salon la revendication 14, dans laquella X, ast Phe, Xg est Tyr, X3 est Pro, Xs ^ 
Thr. Xe est -OH. yl est 96lectbnn6 parmi le groupe conslitud de Asn, Asp. Ser ou Gly et Y^ est s^lecllonnd pamil 
le groupe constltu6 de Asn. Qln, Asp ou Qlu. 

3d. Composition phamiaceutlque selon la revendication 14. dans laqueile ledit aclde amln^ est non-charg6 et a 
10 un atome de carbone k la position gamma qui est hybridd par sp^ et Xe est -OH. 

34. Composition pharmaceutique selon ^ revendication 33, dans laqueile Y^ at Yg sont s^iectionnes parmi le groupe 
constitud de tout rdsidu d'acide amind sun^enant natureliement k {'exception de Asn et X^ est sdlectionnd parmi 
le groupe constltu6 de tout rdsldu d'acide amM sun/enant natureliement & I'exception de Thr 
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35. Composition phamnaceutlque selon la revendication 33. dans laqueile Xg et Xe lomient ensemble -OH. 
3& Processus pour preparer un analogue d'Insuline humalne ayant la lonmule sulvante : 

Chaine A 

S S 

I 7 I 
H-Gly-Ile-Val -Glu-Gln-Cys -Cys-Thr-Ser-Ile-Cys -S«r- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe-Val-Ya-Gln-His-Leu-Cys-Gly-Ser-Hxs-Lau-Val 
1234567S9 10 1112 
Chaine A (suita) 

20 

Lau-Tyr-Gln-Lou-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 



Chalna B (auita) S 

I 

SO 

Glu-Ala-Lou-Tyr-Lau-Val-Cys-Gly-GlU-'Arg-Gly-Pha- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
*5 Xx~X2'"X3-X4-X5-Xs 
25 26 27 28 29 30 
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oCi X, , X2. X3, Y, et Y2Sont tout rdsidu d'acide amind survenanl naturBllement. est Lys ou Arg, Xs est sdlectionnd 
parmi le groupe corwtltud do tout rdsldu d'acide amind survenanl naturellement £1 1'oxceptlon do Pro, et )^ est tout 
rdsidu d'acide amind survenanl naturellement portanl le groupe hydroxyle, ou -OH, da I'exlrdmrtd C-termlnale, ou 
Xg et Xe torment ensemble le groupe hydroxyle de rextr6mjt6 c-termlnale. une sequence d'ADN codant pour un 
prdcurseur de I'analogue d'insuline en question 6tant insdrd dans un vdhicule d'expression de levure adapts qui, 
lorsqu'il est trans16r6 dans la levure, est capable d'exprimer et de 86cr6ter le pr^curseur de Tanalogue d'insuline 
dans lequel [Lys^^, [Arg^], [Lys^^] ou [ArgK»] est reli6 d Qly^^ par une liaison peptidlque ou un peptide ayant 
la formula III 

oD R est une chatne peptidlque ayant n r6stdus d'acide amind, n est un entler compris entre 0 et 33 et R» est Lys 
ou Arg, la souche de levure transformde est cultrv^e dans un milieu nutritif adaptd, et le precurseur est racupdrd 
d partir du bouillon de culture et mis k rtoglr avec un composd amind ayant la lomiule IV 

00 Q est un rdsldu d'acide amind unique et R' est un groupe de protection carboxyle tel qu'un mdthyle ou un tert- 
butyle. en utilisant da la trypsine ou une enzyme du type trypsine en tant que catalyseur dans un mdlange d'eau 
et de solvants organlques, apr6s cecl le groupe de protection carboxyle est dllmind 01 fanaloguo d'insuline est 
Isold du mdlangs de reaction, ou 

un prdcurseur d'analogue d'insuline dans lequel l*acide amin6 de fextrdmitd C-terminale est difldrent de Lys 
ou de Arg, ledit prdcurseur ayam un pont constllu6 d'une paire unique d'acWes aminds baslques sdlectlonnds 
parmi Is groups constitud da Lys et Arg entre Paxtrdmitd C-terminale et Gly^ipeut dtre Isold et ensuite converti 
dans ranalogue d'insuline par iraltemem eniymallque en utilisant de la trypsine et une carboxypeptktese B. 

37. Processus pour prdparer un analogue d'insuline humaine ayant la lomiule suivante : 
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Chaine A 

s— s 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-IIe-Cys-Ser- 
l 2 3 4 5 6 1 8 9 10 11 12 

S 

I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-His-L«u-Cys-GlySer-His-Lou-Val 
12345678 9 10 11 12 

Chaine A (suite) 

20 

Leu-Tyr-Gln-Lau-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 I 21 

I 

Chain* B (suite) S 

1 

Glu -Al a-Leu- Tyr - Leu-Val -Cys -Gly -Glu- Ar g -Gly-Pha - 

13 14 IS 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

oCi Xi , X2. X3. Yi et Yg sonttout r^sWu d'aclde amind survenant naturellemont. X4 est lys ou Arg, Xg eat adiecttonnd 
parmi le groups conslitud de tout rdcidu cfacide amind survenant naturellement k I'ajcception da Pro, et )^ est tout 
r68ldu d'aclde amind survenant naturellement portant le groupe hydroxyle. ou -OH, de raxtf6nnW Wermlnale, ou 
Xs et Xe torment enserrtble le groupe hydroxyle de I'extr^mrtd C^ermlnale. dans lequel de8(B23-B30)-in8ullne 
humane est prdpard en traitant una Insuline par la trypsine pour diver les acides aminds (B23 k B30), le peptide 
voulu de six ft hult acldee amines est synth6tls6, le peptide resultant est relK a des(B23-B30)-insulkne hunfiaine, 
et I'analogue d'insuline rteuhant est Isold du mdlange de ruction. 

3a Utilisation d'un oomposd salon Tune quelconque des revendications 1 k 13 pour la preparation d'un mddicamant 
destine k kite utilise dans le traitemant da diabetes. 

Rewsndleotlons pour TEtot eontraetant sulvant : E3 

1. Processus pour preparer un analogue d'insutlne humalne ayant la fonmule sutvante : 
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Chaine A 

& S 

I 7 I 
H-Gly-Ile-Val-Glu-Oln-Cy8-Cys-Thr-S«r-Ile-Cys-Ser- 
12 3 4 5 6 I 8 9 10 11 12 

S 

1 

Chaine B S 

I 

H-Pha-Val - Yj -Gln-His -Leu-Cys-Gly-Sor-Hi s-Leu-Val 
123456789 10 11 12 

Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyx-Cya-Yi-OH 
13 14 15 16 17 18 19 I 21 



I 

Chain© B (suit©) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B <suite) 
Xi-X2-X3-X4-X5-Xfi 
25 26 27 28 29 30 

oCiXi X, x»YietY28onttoutrtoldutfacicteamln66Ufvenar«nalurell8niert.X4e«tLy80uArg.Xse8i«6l^^ 
parmi' lo gioupe constitud de lout rteidu tfacide amind survanant naturalleniant k I'excaption de Pro. rt )^ eat tout 
r68ldu d'aclde amln6 suwenant naturellement portant le groupe hydroxyle, ou -OH. de feoctrSmtt* C-tenrtnale, ou 
Xs et X. torment ensemble le groupe hydroxyle de I'extr6mlt6 C^ennlnale, une sequence d-ADN codant pour un 
pnteureeurda I'aialogue d'inaulna en question 6tant Ine^rd dans un v6hicule d-expresslon de levure adapts qui. 
lorequ'll est transldr* dans la levure. est capable d'exprlmer at de afcrfter la prScuraeur de fanalogue tflnsullne 
dans lequel (LysBS*!. [A«gB«]. (LysBMl ou [ArgP«J aalmlM A Qly*i par una llaiaon peptldlquaou un peptile ayant 
latormule ill 

-R.-H'- 

oCi R est une chatne peptWIquo ayant n rdsWus dtelde amind, n art un entier comprte emre 0 et 33 et FP est Urs 
ou Arg, la soucha de levure transfermAa eat cultMa dans un miliau nulritif adapts, et la prfcuraaur act r«cup4r4 
a partir du bouillon da culture et mb ft rtetf r avec un composd amind ayant la tonnule IV 

OOR" 
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Ou Q est un rdsidu d'acida amind unique et R" est un groupe ds prc^tion carboxyle tel qu'un mdthyle ou un tert- 
butyte, en utfllsant de la trypslne ou une enzyme du type trypehe en tant que catalyseur dans un melange d'eau 
et de solvants organiquas, aprte ceci te groupe de protection cartxsxyle est dlimind et Tanalogue cf insulins est 
Isold du melange de reaction, ou 
5 un prdcurseur d'analogue d'insuline dans lequel I'acide amind de rextrdmftd C-tenn'Diale est different ds Lys 

ou de Arg, ledit prdcurseur ayam un pent constilud d'une palre unique d'acides amines basiques s6lectbnn69 
parmi le groupe constrlud de Lys et Arg entre rextr6fnlt6 C-termlnale el Gly^'' peut 6tre isold et ensutte convert] 
dans fanalogue d'insutine par traitement enzymatique en utilisant de la trypsins et une carboxypeptidaBa B. 

10 2. Processus pour preparer un analogue df insulins humains ayant la formuls suivante : 



30 



Chaine A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln""Cys-Cys-Thr-Ser-Iie-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

20 S 

I 

Clialne B S 

1 

H-Phci-Val-y2-Gln-His-LQu-Cys-Gly-Ser-His-Leu-Val 
1234 567 B9 10 11 12 
Chaine A (suita) 

20 

Leu-Tyr-Gln-Ldu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 

1 ^ 

I 

Chaine B (suite) S 

I 

Glu-Ala--Leu-Tyr-Leu-Val-Cys-Gly-61u-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
^ Chaine B (suite) 

Xx "Xz ~X3 - X4 -X5 -X^ 
25 26 27 28 29 30 

so 

ou X| , X2. X3, et Y2Sonttout rdsldu d'acide amind survenant naturellement, X4 est Lys ou Arg, Xg est selectionnd 
parmi le groupe conslltud de tout rdsldu d'acide amind survenant naturellement & I'exception ds Pro, et )^ est tout 
rdsidu d'acide amind sun/enant naturellement portant Is groups hydroxyls, ou -OH, ds Taxtrdmrtd C-torminals, ou 
Xg et Xe lomient ensemble le groupe hydroxyle de I'extrdmltd C-termlnale, dans lequel des(B23-B30)-insullne 
ss humalne est prdpard en traltant une insulins par la trypsins pour diver tes acldes amlnds (B23 d 530). le peptide 
voulu de six ^ huit acldes aminds est synthdtisd, le peptide resultant est relid k de8(B23-B30)-in8ulins humains, 
et I'analOQue d'insuline resultant est Isold du melange de rtoctlon. 



40 
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3. Processus salon la revendicaticn 1 ou 2, dans laquel et/ou Y2 est sdlectionnd parmi le groups constitud ds tout 
rdsldu d'acide amind survenant naturellemeht h rexceptbn de Asn. 



4. Processus selon la revendicatlon 1 ou 2. dans lequel 

5 

X, est 96Iectlonn6 pamil le groupe constitud de Phe, Ala, Hie, Thr, Sen Asn ou Tyr. 

Xg eat sdlectionnd parmi le groupe constltu^ de lyn Thr. Qtu, Asp. Ala. His. Ser ou Phe, 

X3 est sdlectionnd parmi le groupe conslilud de Pro, Glu, Asp. Ser, Thr ou His. 

X5 est s6ieciionn6 parmi ie groupe constitud de Lys, Thr, Ser, Ala, Asp ou Qlu, 
10 Xe est sdlectionne parmi ie groups conslHud de Thr-OH, Ser-OH, Ala-OH. Asp-OH. GluOH ou -OH, ou X5 et 

Xe torment ensemble le groupe hydroxyle de I'extr6mrt6 C-termlnale, 
est sdlectionnd parmi la groupe constitud de Asn, Asp. Giy. Ser, Glu ou Ala et 

Y2 est 8dlectionn4 parmi le groups constitud de Asn, Gh, Glu ou Asp. 

IS 5. Processus salon la revendicatlon 1 ou 2. dans lequel 



X, est sdlectionnd parmi le groupe constitud de Phe, Ala, His, Thr, Ser. Asn ou Tyr, 

X2 est sdlecilonnd pamil le groupe consittud de lyr. Thr. Glu, Asp. Ala, His. Serou Phe, 

5^ est sdlectlonnd parmi le groupe constltu6 de Pro. Glu, Asp, Ser, Thr ou His, 

20 X5 est sdlectionnd parmi la groupe constitud da Lye, Thr, Ser, Ala, Asp ou Glu, 

Xe est -OH, 

Yi est sdlectionnd parmi le groupe constitud de Asn, Asp, Gly, Ser. Glu ou Ala et 

Y2 est sdlectionndpannlle groupe constttudde Asn. Gin, Qlu ou Asp. 

2S 6. Processus selon la rsvendication 1 ou 2, dans lequel 



X, est s6lectionn6 parmi te groupe constitud ds Phe, Ala, His, Thr, Sar, Asn ou Tyr, 

X2 ©St s^Iectlonnd parmi Ie groupe constltud de lyr, Thr, Qlu. Asp, Ala, His. Ser ou Phe, 

est selsctionnd parmi le groupe constitud ds Pro, Glu, Asp, Ser. Thr ou His. 
30 )^ et Xe lorment ensemble le groupe hydroxyle de la termlnaison G-tenminale, 

Y^ est s^lectionnd parmi le groupe constltud de Asn, Asp, Qly. Qlu. Ser ou Ala. et 

Y2 est sdlsctionnd panni le groupe oonstitud de Asn, Gin, Glu ou Asp. 

7. Processus selon la rsvendication 1 ou 2. dans lequel X, est Phe. X2 est Tyr, X3 est Thr, Xg est Lys, Xe ast Thr- 
36 OH. Y^ est s61ectlonn6 panmi le groupe constltud de Asn, Asp. Ser ou Qly et Y2 est sdlectlonnd parmi le groupe 
constitud de Asn, Gin, Asp ou Glu. 

a Processus selon la revendicatlon 1 ou 2, dans lequelX^ estiyr. X2estThr, Xasst Pro. XseetThr, Xeest-OH. Y^ 
est sdlectlonnd parmi le groups oonstitud de Aen, Asp, Ser ou Gly et Yg e^ sdlactionnd parmi la groups oonstitud 
40 de Asn, Qln, Asp ou Qlu. 

9. Processus selon la revendicatlon 1 ou 2, dans lequel X^ eat Phe, X2 est Thr, X3 est Pro, X5 est Thr, Xq est -OH, 
Yi est s^lectionnd parmi le groupe constltudde Asn, Asp, Ser ou Qly et Y2 est s6lectlonnd parmi le groupe constltud 
de Asn, Gki, Asp ou Glu. 

45 

ia Pfocsssus selon la revendicatlon 1 ou 2. dans lequel X, est Phe. X2 est Tyr, Xa est Pro, Xg est Thr, Xe eel -OH. 
Yt est s^lectionnd parm lie groupe constitud de Asn, Asp. Ser ou Qly el Y2 est sdlectlonnd parmi le groupe constltud 
de Asn, Gki, Asp ou Glu. 



so 11 . Processus selon la revendicatlon 1 ou 2. dans lequel ledit aclde amind X| est non-chargd et a un atome de carfoone 
k la position gamma qui sst hybrid^ par sp^ st )4 est -OH. 

12. Procsssus sslon la rsvsndication 11, dans lequel Y^ et Yg sont sdlactionnds panni le groupe oonstitud ds tout 
rdsldu d'acide amind sun^enant naturellemeni h i'exceptlon de Asn et Xg est sdlectlonnd parmi le groupe constltud 
66 Gle tout rteidu d'acide amind sun^enant naturellemeni d I'exceptlon de Thr et Pro. 



ia Processus selon la revendicatlon 11, dans lequel Xg et Xe torment enserr^le -OH. 
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14. Processus pour prdparsr une composition pharmacsutique oonsistant k formulsr un analogue <finsulne humains 
pr6pard par le processus selon I'une quelcorx^ue des revendlcatlons 1 & 13 ou un sel do celul-cl pouvanl dtre 
accepts pharmaceutiquement avsc un support pouvant ttra accepts pharmaceutiquement. 

5 15. Processus selon la ravendtcation 1 4, dans lequel ledit analogue d'insuiine prteente une faible solubility k pH 7,3. 

ia Processus selon la revendlcatlon 15, dans lequel ledIt analogue d'insuiine est essentlellemem monomdrique. 

17. Processus selon la revendlcatlon 14, dans lequel ladlte composition pharmacsutique est fomiulde sous la forme 
10 cf une solution aqueuse. 

1& Processus selon la revendication 14, dans lequel ladite composition pharmaceutique est formulae sous ta forme 
cf une suspension aqueuse. 

IS ie. Processus selon la revendication 1 4, dans lequel ledit support pouvant dire accepts pharmaceutiquement est une 
solution Isotonique, aqueuse. 

20. Processus selon la revendication 17. 16 ou 19. dans lequel lesdites solution aqueuse. suspension aqueuse ou 
solution Isotonique aqueuse comportentde plus des Ions zinc et/ou une solution tampon, telle que de I'acdtate ou 

20 du citrate et/ou un agent de conservation tei que du m-crfeol, du p*hydroxybenzoate de methyls ou du phdnoL 

21. Processus selon la revendication 14, dans lequel ladite composition pharmaceutique comports plus de un analo- 
gue d'insuiine. 

^ 22. Processus selon ia revendication 14, dans lequei iadite composKion pharmaceutique est formulae pour une ad- 
ministration par muqueuse ou transcutande. 

23. Processus selon la revendication 14. dans lequei ladite composition pharmaceutique est fbnnulde pour une ad- 
ministration parsntdrale. 

30 

24 Utilisation d'un compost pr^pard dans Ie processus selon I'une quelconque des revendlcatlons 1 & 13 pour la 
preparation d*un medicament dsstM k dtre utilise dans ie traitament de diabetes. 



^ Revendleotlone pour I'Etal eontraetant eulvant : OR 

1. Analogues d'insulins humaine, caracterises en ce qu'ils ont un rdsidu d'acide amine charge positivement, c'est<d- 
dire Lys ou Arg. k la position B28, c'es!-£i-dlre & la position 8 dans la chains B calcuiee h partir de [Qly^, qu'lls 
soni an option de plus modifies k I'axtremite C-tenminale de ia chathe B de [PheB^^] au residu d'acide amine C- 

40 terminal, d ia condition qu'il nV ait pas Pro d la Position B29, et qu'en option A21 etAou B3 eont difrerents de Asn. 

2. Analogues d'insuiine humaine, caracterises en ce quiis ont la fbnmule : 



46 



so 



ss 
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Chaine A 

S— S 

I 7 I 
H-Gly-lle-Val-eiu-Gln-Cya-Cys-Thr-Ser-Ilo-Cya-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

Chaine B S 

1 

H-Pha-»Val'-y2-Gln-His-Leu-Cys-GlY-ser-fli8-Leu-Val 
123456789 10 11 12 

Chaine A (suite) 
£0 20 

Leu-Tyr-Gln-Leu-Glu-Asn^Tyr-Cya-Yi-OH 
13 14 15 16 17 18 19 | 21 

I — S 



10 



IS 



2S 



90 



9S 



40 



Chaine B (suite) S 

I 

Glu-Ala^Leu-Tyr-Leu-Val-^Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chaine B (suite) 
Xi— X2 "'X3 — X4— X5 — X5 
25 26 27 28 29 30 



oCi , X2, X3. et Y2 sonttout r68ldu d'ockJe amind survenant natu reliement, est Lys ou Arg, Xs est adlectlonn^ 
parmi \o groupe con^titud de tout r^idu d'acide amind survenant natureilennent 6l I'exception de Pro. et est tout 
r^Riu d'acide amind survenant nalurellement portant le groupe hydroxyle, ou -OH, de VesMmM C-torminala, ou 
^ X5 et Xe forment ensemble le groupe hydroxyle de I'extr^mltd C-termlnele. 

3. Analogues d'insullne humalne sekan la revendlcation 2, dans lesquels et^ou Y2 est ediectlonnd parmi le groupe 
constrtue de tout rdsidu acide amind survenant naturellenrwnt k rexceptlon da Asn. 

BO 4. Analogues d'insullne humaine selon la reverxiication 2, dans lesquels 

X^ est sdlectlonnd parmi le groupe constttud de Phe, Ala, His. Thr, Sen Asn ou lyr, 

X2 est sdlectionnd parmi la groupe constitui de Tyr. Thr. Glu, Asp. Ala. His. Ssr ou Phe, 

X3 est s6Iecllonn6 parmi le groupe constttu^ de Pro, Qlu. Asp. Ser, Thr ou His, 

ss Xg est sdledlonnd parmi le groupe constnud de Lye, Thr, Ser, Ala, Asp ou Qlu. 

Xe est sdlectlonnd parmi le groupe constitud de Thr-OH. Ser-OH, Ala-OH, AspOH. Glu-OH ou -OH, ou X^ et 

X9 fonnent ensemble le groupe hydroxyle de I'extrdmttd C-termlnale. 

Y^ est sdlactionnd parmi le groupe constitud da Asn, Asp, Giy, Ser, Glu ou Ala et 
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Y2 est sdledionnd parmi le groups constitud da Asn, Gin. Glu ou Asp. 



5. Analogues cfinsulins humains sslon la rsvsndication 2, dans lesquels 



10 



Y2 



est sdleclionnd parmi le groups constitu^ de Phe, Ala, His, Thr, Ssr, Asn ou Tyr. 
est s6lectlonn6 parmi le groups constnu^ de lyr, Thr. Qlu, Asp. Ala, His. Ser ou Phe, 
est sdledionnd parmi le groups constltu^ de Pro, Qiu. Asp. Ser, Thr ou His, 
est sdlectionnd parmi le groups constitud ds Lye, Thr, Ssr. Ala. Asp ou Glu. 
681 -OH, 

est sdiectionnd parmi le groups constitud de Asn, Asp. Gly, $er, Glu ou Ala et 
est sdlectlonnd parmi le groupe constitud de Aan, Gin. Glu ou Asp. 



6. Analogues d'Insulins humains selon la rsvsndication 2, dans lesquels 



IS 



X, 
Xa 
Xs 



Xg et 



sst sdlsctionne parmi le groupe constitud ds Phs, Ala, His, Thr, Ser, Asn ou Tyr. 
est sdlectlonnd parmi le groupe constitud de Tyr, Thr, Qlu, Asp, Ala, His, Ser ou Phe, 
est selectionnd parmi le groupe constitud de Pro, Glu, Asp, Ser, Thr ou His, 
lomient ensemble le groupe hydroxyle de la termlnalson C-termhale. 
est sdlectlonnd parmi le groupe constitud de Asn, Asp, Qly. Glu, Ser ou Ala, et 
sst sdlsctionnd parmi Is groupe constitud ds Asn. Gin. Glu ou Asp. 



7. Analogues d'insuline humaine selon la rsvsndication 2, dans lesqusis set Phe, Xg est Tyr, X3 est Thr. X5 set 
Lys, Xe est Thr-OH, est sdlectionnd parmi le groupe constitud de Asn. Asp. Ser ou Qly et Y2 est sdlectlonnd 
parmi le groupe constitud ds Asn, Gin, Asp ou Glu. 



a Analogues dlnsuiine humaine sebn la revendicatlon 2, dans lesquels X, est Tyr, X2 est Thr, X3 est Pro. Xg est 
Thr, Xe est OH, Y^ est sdlsctionnd parmi Is groupe constitud de Asn. Asp. Ssr ou Gly st Y2 sst sdlectionnd panni 
le groupe constitud de Asn. Qln, Asp ou Qlu. 

30 9. Ar^logues d'insuline humaine selon la revendicatlon 2, dans lesquels X, est Phe, X2 est Thr, X3 est Pro, X5 est 
Thr, Xe est -OH, Y^ est sdlectlonnd parnil le groupe constitud de Asn, Asp, Ser ou Qly et Y2 est sdlectlonnd parmi 
le groups constitud de Asn, Gin, Asp ou Glu. 

ia Analogues d'insuline humains sslon la revendicatlon 2. dans lasqusls X, sst Phs. Xg est Tyr. Xq sst Pro, X5 est 
3S Thr, Xe est -OH, Y^ est sdlectionnd pamni le groupe constitud de Asn. Asp, Ser ou Qly et Y2 est sdlectionnd parmi 
le groupe cor^itud de Asn, Gin, Asp ou Glu. 

11. Analogues d'insuline humaine selon la revendicatlon 2, dens lesquels ledtt acUe amind X^ est non-chargd et a un 
atoms ds cartxsns k la position gamma qui sst hybridd par sp? st Xe sst -OH. 



12. Analogues d'Insulins humains selon la revendicatlon 11 , dans lesquels Y^ et Y^ sont sdlsctionnds parmi Is groups 
constitud de tout rdsldu d'aclde amind sun^er^t netur6llea>6nt k I'exceptlon de Asn et X5 est sdlectionnd panml 
le groupe constitud de tout rdsldu cfacide amhd survenant naturellement d I'exceptbn de Thr et Pro. 

45 13, Analogues d'insuline humains selon la revendicatlon 11, dans lesquels X^ et Xe torment ensemble OH. 

14 Processus pour prdparer un analogue d'insuline humains ayant la formula sulvante : 



25 



40 



so 



SB 
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Chaine A 

S S 

I 7 I 
H-Gly-lla-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ho-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1234 5 6789 10 11 12 
Chaino A (suite) 

20 

Leu- Tyr-Gln-Leu-Glu-Asn-Tyr-Cys -Yi-OH 
13 14 15 16 17 18 19 | 21 

I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

oCi Xi , Xg, X3. et Yg sont tout r6sWu d'acide amln6 survenant natureUemerrt, X4 e«l Lys ou Arg. Xe e«l s6lectionn6 
parmi le groupe ocxistitud de tout rteidu d'acide amind survenant naturellement k Peixcepflion de Pro, et Xs est tout 
rdsidu d'acide amind survenant naturellement poriant le groupe hydroxyle, ou OH. de I'extr^ltd C^ermlnale, ou 
X5 et Xs formem ensemble le group© hydroxyle de rexir6mll6 C-terminale. une sequence d^ADN codant pour un 
prdcurseur da I'analogue dinsuline en question dtant insM dans un vdhicule cf expression de levure adapts qui, 
lorsqull est transf^rd dans la levure, est capable d'exprlmer et de sficr^ter le pnficurseur de Tanalogue d'lnsullne 
dans lequel [Lys«M], [Arq^l [LysBM] ou [ArgB2»] ast rell4 k GlyAi par une lialBon peptidiqua ou un peptide ayant 
lafonmule III 

oCi R est une chatne peptWIque ayant n rdskJus d'acide amInA n est un entier comprls entre 0 et 33 et RP est Lys 
ou Arg, la soucha da levure transformde est cultMa dans un milieu nulritif adapts, et la prdcurseur est rdcupdrd 
di partir du bouillon de culture et mis h rtaglr avec un composd amln6 ayant la formula IV 

Q-OR' 
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Oik Q est un rdsidu d'tekle amind unique et R" est un groupe de protection carboxyle tel qu'un methyle ou un tart- 
butyle. en utlllsant de la trypsine ou une enzyme du type trypshe en tant que catalyseur dans un melange d*eau 
St ds sdvarrts organiques. aprte ceci la groupe de protsction caitxscyls est dlimind at Tanalogue d'insullne est 
Isold du melange de rtoctbn. ou 
$ un prdcurseur danalogue d'insuline dans lequel I'acide amind de Textrdmrtd Oterminale est difldrent de Lys 

ou de Arg, ledit prdcurseur ayarrt un pont con8tllu6 d'une paire unique d'acldes amines baslques 86lectlonn6s 
parmi le groupe constllud de Lys et Arg entre rextr6mit6 C-termlnale et Qly^'* peut etre isote et ensulte convert! 
dans Fanalogue d'insuline par traitement enzymatlque en utilisant de la trypsine et une carboxypeptidasa a 

w 15. Processus pour preparer un analogue d'insuline hu mains ayant la fomnule suivante : 



IS 



20 



2B 



30 



Chaine A 

S S 

1 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

Chaine B S 

1 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Sar-Hia-Leu-Val 
1234567 8 9 10 11 12 
Chaina A (suite) 

20 

L«u-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 



I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-GlU'-Arg-Gly-Pho- 
13 14 IS 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 

X1-X2 -X3 -X4 --Xs -Xfi 
25 26 27 28 29 30 



so 



ou X,. X2, X3. et Y2Sonttout rdsidu d'acids amine sun^snant naturellement. X4 est Lys ou Arg, Xg est sdlectionnd 
parmi le groupe oonstitud de tout rteldu cfaclde amind survenam naturellement h I'exceptlon de Pro. et Xb est tout 
r6sidu d'acide amind suivenant naturellement portant le groupe hydroxyls. ou -OH. de I'extrdmhd C-tarminale, ou 
Xg et Xe lonmeni ensen*le le groupe hydroxyle de rextr^mltd C-terminale, dans lequel des(B23-B30)-lnsulIne 
66 humalne est prdpard en traitant une Insulins par la trypsine pour cllver les acides amines (B23 d B30), le peptide 
voulu de six h huit acidss aminte est synthdtisd, le peptide resultant est ralid k das (B2d-B30) -insullna hunnatna, 
et ranalogue d'insuline rteultant est Isold du melange de rdactloa 
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18, Processus pour prdparar una compositian pharmaceutiqua ccsnsistant k formuler un anaJogus <f nsullne humaine 
pr^rd par le processus selon Tune quelcorKjue des reverxiicatlons 1 & 13 ou un set de celui-ct pouvant dtre 
accepts pharmacQutiquement avec un support pouvant dtre accepts pharmacaufiquenient. 

5 17. Procassus selon la ravendication 1 4. dans lequel ledit analogue dlneuline prdsente una faibia solubility k pH 7,3. 

ia Processus selon la raverKllcation 15, dar\s lequel ledit analogue d'Insuline est essentiellennent nrKinomdnque. 

ia Processus selon la revendicatlon 14, dans lequel ladlte compostdon pharmaceutlque est fonnul^e sous tafomie 

10 dune solution aqueusa. 

20. Processus salon la ravendication 14, dans laquel ladita composition pharmaceutiqua sst fomiulda sous lafomna 
cTuna suspension aquause. 

IS 21 . Processus selon la revendicatlon 1 4, dans lequel ledit support pouvant dtre accepts phannaceutlquemant est una 
solution Isotonlque. aqueuse. 

22. Processus selon la revendicatlon 17. 18 ou 19. dans lequel lesdites solution aqueuse. suspension aqueuse ou 
solution isotonlque aqueuse comportent de plus des ions zhc et/ou une solution tampon, telle que de I'ac^tate ou 

20 du citrate at/ou un agent de consan^ation tel qua du m-crfeol. du p-hydroxybenzoate de mdthyle ou du ph^l. 

23. Processus selon la revendtcation 14, dans lequel ladite composition pharmaceutlque oomporte plus de un analo- 
gue d'Insuline. 

^ 24. Processus selon la revendicatlon 1 4. dans lequel ladlte composrtion pharmaceutlque est formutde pour une ad- 
ministration par muqueuse ou tianscutande. 

23. Processus sebn la revendicatlon K dans lequel ladlte composition pharmaceutlque est fomoulde pour une ad- 
ministration parantdrals. 

30 

23. Utilisation dun compost pr6par6 dans le processus selon Tune quelconque des revendications 1^13 pour la 
preparation d*un mMicament desthd k dtre utilisd dans le traitement de diabetes. 



3S 



40 



46 



so 
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FIG. 1 
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10 20 30 40 50 60 

GAATTCCATTCAAGMTAGlrCMXaU^^ 

70 80 90 100 110 120 

I I I I I I 

ATAAACGACCWUUiGAATCAAOCCTCTTTTCTTGGTT^ 

METLvsAlaValPhelattValLttttSTLttmieGlyPhacysTrp 
130 140 150 160 170 IBO 

I I I I i 1 

GGCCCAACCAGT«CTGGCGATGAATCATCTGTTCAGATTC^^ 
AlaGlnProValThrGlyAspGliiSarSarValGlullaProGluGluSerLeuIlelle 

190 200 210 220 230 240 

CGCTGAAAACACCAOTTTGGCTAACGTCG^ 
AlaGluAsnThzThrLeuAlaAsnValAlaliEZAlaLyaArgPhttValAsnGlnHis 

250 260 270 280 290 300 

I I i I I i 

GTGCGGTTCCCACTTGCTTGAAGCTTTGTACTTGGTTTGO^ 
Cy sGlySerHisLeuVa IGluAl aLeuTyrLeuValCy sGlyGluArgGly PhaPheTyr 

310 320 330 340 350 360 

I I I I I I 

CACCAAGGCTGCTAACGGTATTGTOGAACAATGCTCTACCTOCATC^^ 

ThrLysAlaAlaLysGlyllaValGluClncysCyaThrserllecysSerLeuTyrGln 

370 380 390 400 

III! 

ArroGAAAACTACTGCAGCTAGACGGAGCCCGCAGGCTCTACSA 

LeuGluAanTyrCysSer 

F16. 3 
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FIG. A (CONT.) 



